Proceedings 
of the 
Society 
for 


Experimental Biology and Medicine 


VoL. 91 


Marcy, 1956 


No. 3 


SECTION MEETINGS 


CLEVELAND, O. 

Western Reserve University 
IOWA 

State University of Iowa 
NEW YORK 

New York Academy of Medicine 
SOUTHERN 

Tulane University 


February 20, 1956 
January 31, 1956 
February 29, 1956 


February 3, 1956 


Further Studies of Antigenic Structure of Pasteurella pestis in Gels.* 
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N. V. BHaAcAvAN, T. H. CHEN AND K. F. MEYER. 


George Williams Hooper Foundation, University of California, San Francisco. 


The characterization of the antigens of 
Pasteurella pestis was begun by Schitze(1), 
who studied them using his serologic absorp- 
tion and precipitin tests and identified a so- 
matic thermostable and an envelope thermo- 
labile antigen. The double diffusion method 
of Oudin(2) has provided another means of 
identifying additional antigens of P. pestis— 
10 by Ranson et al.(3), 8 by Burrows(4), 7 
by Bhagavan et al.(5) and by us. Applying 
the Ouchterlony method(6) to living culture 
(7) revealed only 4 precipitation zones, but 
it was suspected that very small amounts of 
antigen might have remained undetected due 
to an excess of antibody in the antiserum 
used. It was learned that additional anti- 
gens do become evident if the culture is first 
concentrated by fractionation. Using the 
concentrated extract from P. pestis cells or 


* This work was supported in part by research 
grant from the National Institutes of Health, Public 
Health Service, National Microbiological Institute. 


the maximum growth of a shake culture su- 
pernatant as antigen in the Oudin test(2) 
has revealed 3 additional antigens. 

Materials and methods. Strains. Those 
tested were one virulent strain, 195/P, iso- 
lated in a case of human plague in India, and 
4 avirulent strains—E. V. 76(8,9), TRU(10) 
from the Java strain Tjiwidej R, TJS(11) 
and B1456-4(12) isolated by single colony 
picking from virulent strain B1456. The P. 
pseudotuberculosis strain was the avirulent 
strain 32, received from Dr. E. Thal, State 
Veterinary Medical Institute, Stockholm, 
Sweden. Antisera. The highly potent anti- 
avirulent P. pestis gamma globulin was pre- 
pared commerciallyt from serum of rabbits 
hyperimmunized with living strain A1122. 
The P. pseudotuberculosis antiserum was pre- 
pared in this laboratory by hyperimmunizing 
rabbits with strain 32. Agar. A 1.6% Difco 
bacto-agar was prepared in normal saline and 
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was sterilized by autoclaving at 15 lb pres- 
sure for 15 minutes. Preparation of antigens. 
Each strain was cultured in a casein hydroly- 
sate mineral glucose medium(13) in a 1 liter 
wide-mouth Erlenmeyer flask containing 250 
ml of the medium. The flask was fixed on a 
shaking machine kept in a 37°C incubation 
room. The culture was grown for 7 days and 
was divided according to the demands of the 
test. 

The 5 methods of treating the cultures were 
(1) adding formalin to make a 1% solution 
and allowing the mixture to stand at room 
temperature for 48 hours, (2) adding toluene 
to make a 1% solution and allowing it to 
stand at room temperature for 48 hours, (3) 
placing it in a boiling water bath for 1 hour, 
(4) treating it with formalin as in (1) and 
then placing it in a boiling water bath for 1 
hour and (5) treating it with toluene as in 
(2) and then placing it in a boiling water 
bath for 1 hour. Strains 195/P and B1456-4 
were treated by all five methods, and the re- 
maining 3 strains were treated only by the 
first two methods. The culture was then cen- 
trifuged in an angle rotor of a refrigerated 
centrifuge at 15000 rpm until all of the or- 
ganisms had been deposited (approx. 30 min- 
utes). The supernatant fluid was carefully 
removed and was ready for immediate use. 
Preparation of tubes (Oudin method). 1.6% 
agar in saline with 0.01% merthiolate was 
melted and maintained at 50°C. 0.7 ml of a 
1:2 dilution of anti-A1122 gamma globulin 
was mixed with 0.3 ml of the melted agar. 
0.5 ml of the mixture was delivered into a 
sterilized tube (8 mm x 80 mm). After the 
agar hardened, a second layer of 1 ml of 0.8% 
agar was carefully delivered over the bottom 
layer with a capillary pipette and allowed to 
become solid. 0.5 ml of the antigen prepara- 
tion was delivered onto the top of the second 
agar layer, and a drop of toluene was added 
as preservative. The tubes were sealed with 
rubber stoppers and placed in the refrigerator 
overnight. The tubes were transferred to a 
37°C incubator. Readings were made at the 
3rd, 7th and 15th days. 


Results. The visible precipitation zones 
appeared after 3 days of incubation when the 
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TABLE I. Number of Antigenic Components of 
P. pestis and P. pseudotuberculosis Revealed by 
the Oudin Test. 


No. of precipitation 


bands 
-———Antiserum-——_,, 
P. pestis 
Al122 =P. pseudo- 
Treatment gamma __ tuberculo- 
Antigen* of antigens globulin sis 32 

195/P Formalin 7 5 
B1456-4 o 5 
TJS 7 5 
E.V. 76 7 5 
TRU a 5 
195/P Toluene 7 5 
B1456-4 7 5 
TJS 7 5 
E.V. 76 a 5 
TRU 7 5 
195/P Boiling 3 2 
B1456-4 3 2 
195/7P Toluene and 3 2 
B1456-4 boiling 3 2 
195/P Formalin and 1 1 
B1456-4 boiling i 1 


* 195/P is a virulent strain and the remaining 4 
are avirulent. 


antigens and antibodies had diffused into the 
plain agar layer. The number of zones de- 
pended on the antigen preparation used 
(Table I). 

With P. pestis antiserum, the chemically 
killed virulent and avirulent strains all con- 
tained 7 soluble antigens; 4 zones were in- 
tense and appeared earlier than the remaining 
3. In the Oudin test 3 zones formed in the 
boiled preparation, 3 in the toluene-killed and 
boiled preparation and 1 in the formalin- 
killed and boiled preparation. 

When P. pseudotuberculosis antiserum was 
used with the P. pestis strains, 5 zones ap- 
peared with the formalin or toluene treated, 
2 with the boiled and the toluene-treated and 
boiled, and only 1 with the formalin-treated 
and boiled. 

All of the thermostable antigens of P. pes- 
tis except the haptenized Fraction I were 
common to P. pseudotuberculosis. 


Discussion. When the naturally occurring 
bacterial cells of P. pestis and P. pseudotuber- 
culosis strains and their fractions were tested 
with anti-P. pestis gamma globulin by means 
of a modified Ouchterlony plate technic, 2 
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antigen-antibody precipitation reactions were 
common to both organisms, but Fraction I 
(envelope antigen) and II (toxin) reactions 
were specific for P. pestis(7). The very slight 
amount of Fraction I in strain 14 and TRU 
was not revealed, and this was to be expected 
because the antigens could not reach equiva- 
lence concentration. 


The Oudin test revealed more antigenic 
components: All virulent and avirulent 
strains formed 7 precipitation zones, 5 of 
which were also common to P. pseudotuber- 
culosis. Four of the corresponding antigens 
in the anti-P. pestis serum tube and 2 in the 
anti-P. pseudotuberculosis serum tube were 
distinctly precipitated. These 4 should there- 
fore be considered major quantitatively. The 
others more faintly precipitated always ap- 
peared slowly. 

Of the 7 antigens, 4 were thermolabile and 
2, thermostable. The remaining antigen was 
the haptenized Fraction I. Of the antigens 
common also to P. pseudotuberculosis, 3 were 
thermolabile and 2, thermostable. 


Schtitze(1) pointed out that steaming the 
bacterial suspension in saline for a short time 
(%4 hour) haptenized the envelope antigen, 
but that it still precipitated in his precipitin 
test with its corresponding antibody. Steam- 
ing for 1 hour destroys it for im vitro reactions. 
But even after boiling the casein hydrolysate 
mineral glucose grown culture for 1 hour, the 
Fraction I (envelope antigen) antigen-anti- 
body reaction zone still was sharply defined 
in the Oudin test. Boiling for 1 hour hap- 
tenizes Fraction I, but it will still form a pre- 
cipitate with its corresponding antibody. This 
has been learned by boiling the highly puri- 
fied Fraction I in different concentrations, 
using it as an external reactant. 

Also in the complement-fixation test(14) 
using 4 combining units of the anti-Fraction 
I serum to react with the supernatant of the 
boiled and of the toluene-killed and boiled 
suspension, the reaction has been positive. 
The complement-fixation test was negative 
when the formalin-killed and boiled prepara- 
tion was used. 

The fact that 3 zones appeared in the 
boiled and in the toluene-killed and boiled 
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antigens and that only 1 faint zone appeared 
in the formalin-killed and boiled antigen in- 
dicates that formalin affects the antigens and 
renders them thermolabile. 

The technic of double diffusion in gels is 
of apparent value for comparative studies of 
heterologous, but closely related, organisms 
(7). More than 1 antigen is shared by P. 
pestis and P. pseudotuberculosis, and this may 
account for the cross immunity exhibited be- 
tween these two species. The Oudin technic 
confirms that Fraction I is the specific anti- 
gen for P. pestis. Its toxin has cross-reacted 
with anti-P. pseudotuberculosis serum(15), 
but in a previous study(7) a slight amount of 
P. pseudotuberculosis toxin was not revealed 
with the anti-P. pestis gamma globulin. The 
P. pestis toxin prepared by the paper electro- 
phoresis method in this laboratory has shown 
3 bands with anti-P. pseudotuberculosis serum 
and 3 or 4 bands with anti-P. pestis gamma 
globulin. This might be considered a not 
highly purified toxin. 

Virulent strains were not distinguished 
from avirulent strains by the test. 

Summary. Pasteurella pestis, virulent or 
avirulent, contains 7 antigens demonstrable 
in the Oudin test. Five are common to P. 
pseudotuberculosis; 3 of these are thermo- 
labile and 2 are thermostable. Of the 7 anti- 
gens of P. pestis 4 are thermolabile and 2 
thermostable. The remaining antigen is hap- 
tenized Fraction I. Formalin affects all of the 
antigens except one, rendering them thermo- 
labile; toluene does not affect them. 
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It is well known that uptake of iron and 
hemoglobin synthesis occur in the normoblast. 
There is little information, however, as to the 
stage of development of the erythrocyte at 
which agglutinogens first appear. Bjork- 
man’s(1) demonstration that normoblasts 
may be agglutinated by influenzal virus and 
a serum containing cold agglutinin suggests 
that receptors for agglutination make their 
appearance during this developmental period 
of the erythrocyte. In his experiments, the 
normoblasts were isolated from the peripheral 
blood of a patient with Di Guglielmo’s eryth- 
ro-leukemia; however, the cells were morpho- 
logically indistinguishable from myeloblasts. 
Inasmuch as neoplastic cells could have 
atypical immunologic characteristics, it 
seemed desirable to confirm these studies 
using normoblasts from a patient in which 
the cells were not of malignant origin. 

An opportunity to study agglutinability of 
normoblasts arose in a patient with auto- 
immune hemolytic disease secondary to warm 
agglutinins. About a week following splenec- 
tomy, this patient had a hemolytic crisis at 
which time he released large numbers of nu- 
cleated red cells into the peripheral blood. 
During the period when the normoblast count 
exceeded 600 per 100 leukocytes, it was a 
simple matter to isolate them from the per- 
ipheral blood for agglutination experiments. 
A more detailed description of this case will 
be published elsewhere. 


* Aided by a grant from the Milwaukee Division 
of American Cancer Society. 


Methods. To isolate the nucleated red 
cells, 1.0 ml of a 6% solution of dextran in 
0.85% saline was added to 20 cc of the pa- 
tient’s freshly drawn blood in a large silicon- 
ized test tube. A 10% solution of seques- 
trene (disodium ethylenediamine tetracetate) 
was used as anticoagulant. The mixture was 
incubated at body temperature for 30 min- 
utes. The supernatant plasma, rich in 
formed elements, was centrifuged at varying 
speeds, beginning at 600 rpm for 2 minutes. 
The residue was resuspended in saline and 
the supernatant plasma recentrifuged at pro- 
gressively faster speeds. The resulting cell 
suspensions were checked for cellular content 
by means of the phase microscope. It was 
possible in this way to select test tubes which 
contained a reasonably pure suspension of 
normoblasts which were then washed 3 times 
in saline and prepared as a 4% suspension in 
0.85° saline. Suspensions prepared in this 
way contained a minimal number of contam- 
inating erythrocytes and lymphocytes, but no 
granulocytes or platelets were present. The 
normoblast suspension was brought in con- 
tact: with equal portions of serial saline dilu- 
tions of serum from the same patient which 
contained a potent panhemagglutinin, active 
at 3°C and 37°C. The normoblast suspen- 
sion was similarly added to serially diluted 
serum obtained from another patient with a 
high titer of cold hemagglutinins. The mix- 
tures were incubated for 12 hours at 3°C and 
read macroscopically and under the phase 
microscope. The agglutinating effect of nor- 
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TABLE I. Agglutination of Normoblasts by Var- 
ious Sera Obtained from Patient I.B. (Auto- Im- 
mune Hemolytic Anemia). 


SSS ——e ee eee 
—————————— 


Anti-A serum Pe 
Anti-B ” N 
Anti-M ” 12 
Anti-N ” N 
Antiglobulin serum iP 
I.B. serum (patient) Te 
ESa (cold agglutinin ) 183 
BB ae oa: Gas ) 12 
Normal A serum N 
@ P 
Oy” iP 


“P= Positives IN ==Negative. 

mal human sera of various blood groups, in 
addition to typing sera of the AB and MN 
and Coombs’ antiglobulin serum, were deter- 
mined following incubation at 37°C for one 
hour. Siliconized glassware was used in all 
these experiments. 


Results. The reaction of the normoblasts 
when brought into contact with various sera 
are listed in Tables I and II. It will be seen 
that the normoblasts in this patient were ag- 
glutinated by anti-A and anti-M serum, which 
corresponded to his blood type. The normo- 
blasts were strongly agglutinated by anti- 
globulin serum as were his erythrocytes. 
Table II lists the titer of serum which re- 
sulted in agglutination of the normoblasts. 
The patient’s serum agglutinated his normo- 
blasts in a dilution of 1 to 16 and group O 
erythrocytes in a dilution of 1 to 8. The 
serum containing cold agglutinins agglutin- 


TABLE II. Titration of Normoblast Agglutinins 
in Serum of I.B. (Patient) and E.S. (Cold Ag- 
glutinin). 


LB. ~ ES. ~ 
Normo- So Oz Normo- ‘**O”’ 
Serum blasts, RBC, blasts, RBC, 
dilution BO; 3°C ale: 3o@ 
1:1 34 2 44 ee 
2 3+ 2 3+ 2 
4 3+ 1+ 38+ 2 
8 2s 1+ 2 2 
16 1+ 0 2 2+ 
32 + 0 1+ 2+ 
64 0 0 ie 2 
128 0 0 ee 2 
256 0 0 1+ 2 
512 0 0 + ijst 
1024 0 0 0 1+ 
C 0 0 0 0 
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ated the normoblasts in a dilution of 1 to 256 
and normal erythrocytes in a dilution of 1 to 
1024. 


Comment. It has been demonstrated in 
this case that normoblasts derived from a 
patient with auto-immune hemolytic anemia 
have antibody receptors which are similar to 
those of mature erythrocytes. Apparently 
these receptors make their appearance rela- 
tively early in the development of the red 
cell. 


Agglutinability of normoblasts by auto- 
agglutinins and by antiglobulin serum consti- 
tutes direct evidence of the vulnerability of 
the bone marrow in immune varieties of ac- 
quired hemolytic anemia. The severity of 
anemia in auto-immune hemolytic disease 
may thus be attributed not only to random 
destruction of circulating erythrocytes but 
also may follow a direct attack on prolifer- 
ating normoblasts. This. would limit the 
ability of the bone marrow to compensate for 
hemolysis. That impaired erythropoiesis was 
a factor in hemolytic disease of the new born 
associated with anti-D antibodies was indi- 
cated by the studies of Giblett ef al.(2). 
the case she described, the presence of circu- 
lating antibody was correlated with limited 
erythrocyte production which was resumed 
following disappearance of anti-D antibodies. 
In their studies of auto-immune thrombocyto- 
penia, Pisciotta, Stefanini and Dameshek(3) 
presented morphologic evidence to show that 
megakaryocytes in a normal recipient could 
be damaged by transfusion of plasma which 
contained a strong anti-platelet agglutinin. 
The damaging effect of the plasma on the 
megakaryocytes was only temporary and was 
correlated with a temporarily induced throm- 
bocytopenia. 

Summary and conclusions. Normoblasts 
from a patient with auto-immune hemolytic 
anemia are agglutinable by type-specific sera, 
antiglobulin serum and sera containing cold 
and warm auto-hemagglutinins. 2. Agglutin- 
ogens make their appearance at the normo- 
blast stage of development. 3. It is sug- 
gested that in acquired immune forms of 
hemolytic anemia, the bone marrow is also 
under direct attack by antibodies which may 
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aggravate the severity of anemia. 


1, Bjorkman, S. E., Acta Haematologica., 1954, v11, 


189. 
2. Giblett, E. R., Varela, J. E., and Finch, C. A,, 
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Pediatrics, 1956, v17, 37. 
3. Pisciotta, A. V., Stefanini, M., and Dameshek, 
W., Blood, 1953, v8, 703. 
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It has been shown(1) that 2 mammalian 
cells in tissue culture, a human carcinoma 
cell (strain HeLa) and a mouse fibroblast 
(strain L), require nicotinamide, pyridoxal, 
thiamine, riboflavin, pantothenic acid, cho- 
line, and folic acid for survival and growth. 
The degree to which various precursors and 
conjugates could substitute for the corre- 
sponding vitamin in permitting the growth of 
the mouse fibroblast is here described. 

Methods. The technics used in maintaining 
stock cultures, preparing replicate flasks for 
feeding with the experimental media, and 
evaluating the growth response in terms of 
the number of cells have been described(1-4). 
As in the previous vitamin experiments(1), 
specific deficiencies were produced by allow- 
ing the cells to grow for varying periods of 
time (4-14 days) in 1 liter Blake bottles, in 
the appropriate vitamin-free medium. Dur- 
ing this preliminary period of vitamin deple- 
tion, the number of cells usually increased 2- 
to 6-fold in individual experiments; but in 
most of the experiments, multiplication had 
then stopped, and there were evidences of cell 
damage resulting from the vitamin deficiency 
(cf.(1)). The vitamin-starved cells were re- 
suspended in the appropriate vitamin-free 
medium, counted, and aliquots of the suspen- 
sion inoculated into a number of small repli- 
cate flasks. Twenty-four hours later, after 
the cells had adhered to the glass, they were 


* The author acknowledges gratefully the technical 
assistance of Mina Levy and Clara L. Horton. 

+ Public Health Service, U. S. Department of 
Health Education, and Welfare. 


fed with the experimental mixtures contain- 
ing graded amounts of the vitamin or vitamin 
substitutes. The flasks were re-fed at 2-day 
intervals, and the cell count determined after 
6-15 days’ incubation. Since the cells at the 
time of the first feeding usually showed cyto- 
pathogenic evidence of vitamin depletion, it 
is apparent that at least 2 factors entered into 
the results obtained in the present experi- 
ments: the capacity of the individual com- 
pounds to revive the vitamin-depleted cells, 
as well as their capacity to support subse- 
quent growth and multiplication. Accord- 
ingly, in a second type of experiment, de- 
scribed in the text in relation to folic acid, in- 
stead of using vitamin-depleted cells, normal 
cells were serially propagated in varying 
concentrations of the vitamin congeners. Di- 
phosphopyridine (DPN) and triphosphopyri- 
dine (TPN) nucleotide, flavin adenine mono- 
nucleotide (FMN) and dinucleotide (FAD), 
and cocarboxylase were obtained from: the 
Sigma Laboratories. The first 4 compounds 
were stated to be 95-98, 60-90, 100, and 65% 
pure, respectively; but in making stock solu- 
tions, all were handled as if they were pure 
material. Coenzyme A of 75% purity was 
obtained from the Pabst Laboratory. ‘“Thia- 
min phosphate” was obtained by autoclaving 
a solution of cocarboxylase in 0.1 N HCl for 
10 min. in a sealed tube. Crystalline pyri- 
doxal phosphate (Palpo) was generously sup- 
plied by Dr. E. A. Peterson of the National 


Cancer Institute, National Institutes of 
Health. 
- Results. 


The results in a number of ex- 
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periments with the mouse fibroblast are given 
in Table I. Each experiment there shown is 
illustrative of several others, with qualita- 
tively similar results. 

1. Nicotinamide, nicotinic acid, DPN and 
TPN all permitted the growth of mouse fibro- 
blasts previously depleted of the vitamin by 
10 days’ starvation. Although the 4 com- 
pounds were equally active in terms of their 
effective concentrations, more growth was 
usually obtained with nicotinamide and DPN 
than with nicotinic acid or TPN. 


2. Pyridoxal and pyridoxine were essen- 
tially equivalent in their growth-promoting 
activity. Although pyridoxamine and pyri- 
doxal phosphate could substitute for pyri- 
doxal, with the preparations here used some- 
what higher concentrations were necessary. 


3. Thiamine and _ cocarboxylase proved 
equivalent, both with respect to the concen- 
trations required for maximal growth, and the 
amount of growth obtained at that optimal 
concentration. Smaller amounts of growth 
were, however, observed with “thiamine phos- 
phate.” 

4. Riboflavin and FMN proved equivalent 
in growth-promoting activity. With FAD, 
however, significantly higher concentrations 
were required for a comparable effect. 

5. Pantothenic acid proved approximately 
10 times more active than the 2 samples of 
coenzyme A used in these experiments (Fig. 
1). It is of interest that a similar quantita- 
tive difference in the activity of pantothenic 
acid and coenzyme A was noted by Dewey 
and Kidder(5) for Tetrahymena pyriformis 
and Colpidium campylum. 

6. Folic acid was regularly less active than 
natural citrovorum factor in terms of the 
amounts required for the revival and growth 
of the vitamin-depleted cells. p-Aminoben- 
zoic acid (PABA) proved wholly inactive 
(Fig. 1). 

To determine whether PABA would permit 
the survival and growth of normal cells, not 
previously depleted of folic acid or its de- 
rivatives, normal cells, not previously dam- 
aged by folic acid depletion, were serially 
propagated in varying concentrations of folic 
acid and of PABA. Even under these cir- 
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FIG. 1. Varying growth response of mouse fibro- 
blast. (a) Pantothenic acid and coenzyme A, 
(b) Citrovorum factor, folic acid and PABA. 


cumstances, however, PABA failed to permit 
the continuing growth of the cells in the ab- 
sence of folic acid. 

Summary. A number of the co-factors here 
tested (FMN, DPN, cocarboxylase) had es- 
sentially the same activity as the correspond- 
ing vitamin (riboflavin, nicotinamide and 
thiamine, respectively) in promoting the 
growth of the mouse fibroblast, in terms of 
either the effective concentration or the 
amount of growth obtained. Several vitamin 
conjugates (FAD, TPN, coenzyme A and 
pyridoxal phosphate) proved significantly less 
active than the parent vitamin (riboflavin, 
nicotinamide, pantothenate, and pyridoxal, 
respectively). The present experiments pro- 
vide no information as to the degree to which 
these differences may reflect only variations 
in cell permeability, rather than partial blocks 
in the utilization of these specific co-factors, 
or in their conversion to a more active form. 
Natural citrovorum factor, however, was 
somewhat more active than folic acid. Of the 
vitamin congeners or precursors here tested, 
pyridoxine and pyridoxal were essentially 
equivalent in activity; nicotinic acid was sig- 
nificantly less active than either nicotinamide 
or DPN in terms of the amount of growth 
obtained, although the effective concentra- 
tions were of the same order of magnitude; 
while PABA was wholly inactive as a substi-. 
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tute for folic acid. As with the co-factors, 
the present experiments do not exclude dif- 
ferential cell permeability as the basis of 
these differences. 
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The cultivation of a human epidermoid car- 
cinoma of the floor of the mouth (strain KB) 
by direct implantation in a fluid medium has 
been described(1). As will be here shown, 
this cell line has proved susceptible to a num- 
ber of human and animal viruses. 

Methods. The basal medium used in these 
experiments was the same as that used in the 
original isolation, and consisted of the amino 
acids, vitamins and salts essential for the 
growth of the HeLa cell, at the concentrations 
optimal for that cell(2-5). In the initial cul- 
tivation this was supplemented with 10% 
whole human serum. In the present experi- 
ments, the same basal medium was supple- 
mented with 4% whole horse serum, in order 
to avoid the complication introduced by the 
presence in pooled human serum of antibodies 
to some of the viruses. Four-day cultures of 
the cell line in T-15 flasks(2), then contain- 
ing approximately 4.5 x 10° cells, were washed 
twice with the horse serum medium, and re- 
fed with 2.5 ml of fresh medium. One-tenth 
ml of the viral suspensions of Table I, diluted 
as there indicated, were then added. The me- 
dium was then replaced at 2-day intervals. 
This first passage test was terminated 7 or 8 
days after the original inoculation. The times 
required for the earliest cytopathogenic ef- 
fect, and for the destruction of more than 
75% of the cells, are indicated in Table I. 
Fluids harvested at the time of maximal cy- 


* Public Health Service, U. S. Department of 
Health, Education and Welfare. 


topathogenic effect (or after 7 to 8 days in 
the case of those viruses with no apparent ef- 
fect) were then similarly inoculated into 
somewhat larger (T-30) culture flasks con- 
taining approximately 4.2 x. 10° cells at time 
of inoculation. The virus inoculum in this 
second passage was 0.5 ml in a total of 5 ml. 
As in the first passage, the fluids were 
changed every other day, beginning the day 
after inoculation. The time required for the 
earliest visible cytopathogenic effect, and for 
the almost total destruction of the cells is 
shown for each virus in the last 2 columns of 
Table I. Material harvested from this second 
passage at the time of maximal cytopatho- 
genic effect (or after 6 days in the case of 
those viruses with no apparent effect) was as- 
sayed for viral content by either complement- 
fixation, pathogenicity in tissue culture, or 
animal inoculation. The results of those 
tests are summarized in Table II. 


Results. Cytopathogenic effects were pro- 
duced in the KB cell in both first and second 
passages by type 1 poliomyelitis (Mahoney), 
herpes simplex, vaccinia, types 1, 3, and 4 
adenoidal-pharyngeal-conjunctival (APC) vir- 
uses, lymphocytic choriomeningitis (LCM), 
and encephalomyocarditis (EMC) viruses 
(cf. Tables I and II). In all these, the titers 
of the second passage fluids indicated that 
the viruses had multiplied. The titer of com- 


_ plement-fixing antigen produced by the type 


1, 3 and 4 APC viruses was significantly 
higher than had previously been obtained in 
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TABLE I. The Susceptibility of the KB Cell to a Number of Human and Animal Viruses. 
-———— Primary inoculation me Second passaget ae 
Final dilu- Daysfor Days for Daysfor Days for 
tion of viral beginning more than Harvested beginning more than 
suspension of cyto- 75% of fromfirst of cyto- 75% of 
inculture pathogenic cells to de- passage on pathogenic cells to de- 
Virus Source of virus medium effect generate day No. effect generate 
Poliomyelitis | Monkey kidney TELOO il 2 2 iL 1 
(Mahoney) culture 
Herpes simplex Adult mouse brain a 2 4 4 ak 2 
Vaccinia HeLa culture 1: 250 1 2,3 2, 4, 5 (pool) 1 2 
APC, type 1 Idem a 4 6 6 1 2 
3 ” % 4-6 >8t 8 J 1 
4 a 4 —4 5-6 6 1 if 
Mumps Suckling mouse 1:1000 4 if 7 2 3 
brain 
i Allantoie fluid 1: 100 2 3 a 2 3 
LCM Adult mouse brain 1:1000 3 7 7 3 5 
EMC Idem ‘ 1 3 3 6 6 
Rabies Adult mouse brain 1:1000 4 5 7 > 6f = 
GD VII Idem i 6 St 7 >6 —_— 
Yellow fever # i Dee i i >6 —— 
APC (SV,)(6) Monkey kidney Ig) 245) 1 1-2 4 >6 — 
culture 
(DC) (7) Hela culture Ips, UG) 6( 2) >8 8 >6 — 
(Type 8) (8) Idem i 6(?) >8 8 >6 _ 
Coxsackie AY Monkey kidney e250 Sse Se 8 S10 —t 
culture 
Influenza Allantoie fluid 1: 100 >8 >s 7 >6 — 
(type B) 
Idem Monkey kidney a 6( 2) 7 7 >6 — 


culture 


*In T-15 flasks containing 450 < 10* cells, and 2.5 ml fluid. 


Culture fluid changed every 2 days 


' (days #2, 4, 6, 8 in some, and 1, 3, 5, 7 in others) unless cells had degenerated in interim. 
t In T-30 flasks containing 420 x 10* cells, and 5 ml fluid. Culture fluid changed on day #1, 3, 5 


(6) unless cells had degenerated in interim. 


{ No cytopathogenic effect at the time indicated. 


HeLa cell cultures. In subsequent experi- 
ments, APC viruses of types 1-6 were carried 
through 5 serial passages in KB cells, and 
herpes simplex and vaccinia viruses through 3 
passages, with rapid production of cytopatho- 
genic effects in all passages. Isolations of all 
3 types of poliomyelitis and of several types 
of APC viruses from field specimens have 
also been made in KB cells. 


Equivocal results were obtained with 4 ad- 
ditional viruses. a) Rabies virus produced 
cytopathogenic changes in the primary inocu- 
lation, but not in the second passage, and no 
virus could be recovered from the latter. b) 
The SV, strain of APC(6) similarly produced 
cytopathogenic changes on primary inocula- 
tion, and not in second passage. However, 


the second passage material contained virus, 
demonstrable by cytopathogenic effect in 
monkey kidney; and on continued passages 
through the KB cell, virus was detectable 
after the fourth passage, indicative of contin- 
uing viral multiplication in the absence of sig- 
nificant cytopathogenic effect. c) Both 
strains of mumps virus produced cytopatho- 
genic effects in both the first and second pas- 
sage, but did not cause the death of the cul- 
ture. Cellular degeneration and multiplica- 
tion proceeded simultaneously throughout the 
period of test. There is no information as to 
whether the elaboration of virus in such cul- 
tures (cf. also SV, and yellow fever in this 
group) reflected the production of virus by 
only a portion of the cells, which degenerated 
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TABLE II. Evidence of Viral Multiplication in KB. Cell. 
Viral assay of =— Viral activity* of 2nd passage harvests ————, 
original inoculum* Hstimated 
cr = dilution of Comple- f 
; Animal Day original in- ment fix- Tissue Animalor 
Tissue oregg onwhich oculumin ing titer culture egg inoc- 
Virus culture inoe. harvested harvestt of antigen titer ulationt 
Poliomyelitis 7.5 iI eil@> 8.5 
(Mahoney ) 
Herpes simplex 4.0 2 fH 4.8 
Vaccinia ll 3 2 >2.5 
APC, type 1 7.0 3 ge Sas 1:256 9.5 
iS 8.0 1 2 x08 8 ay 8.0 
we see 2 liom ee Oz 1:128 8.0 
Mumps (mouse) 4.5 5 Ibe Tie >4.0 
5.0 5 Teil? 5.5 
EMC 8.6 6 iPeaKoy2 >8.0 
Yellow fever 6.0 6 ee ali2 2.5 
APC (SV,) (6) 6.5 6 132) < 108 2.5 
Rabies 7.5 6 Ase <1.5$ 
GD VII 7.0 6 4 <1.5§ 
APC (DC) (7) \ 6 alge <1:4 <1.0 
” (Type 8) (8) i 5 C i 1.5 
Coxsackie A9 7.04 5 il Ray Se ANOS Caled 
Influenza (type B) 7.0 6 ESTO: <1.5§ 
Idem 3.0 6 2 <1.59 
Mumps (egg) 7.5 5 13107 <1.5$ 


* Logarithm of infectious doses per ml. 


t Based on amounts of inoculum introduced into flask, and dilution effected by repeated 
fluid changes, on the assumption that up to 10% of fluid may have been left each time medium 
was changed as indicated in footnotes of Table I. 

t Intracerebrally in adult mice, except for (a) mumps virus, inoculated intracerebrally in 
suckling mice, and (b) influenza virus, inoculated into allantoic sae of egg embryos. 


§ Negative in highest concentration tested. 
|| Original inoculum not titered. 


in consequence, or whether even the cells 
which showed no significant cytopathogenic 
changes were participating in the elaboration 
of virus. When the second passage material 
of the mumps cultures was tested intracere- 
brally in suckling mice, only the culture of 
the mouse-derived strain proved infectious; 
and neither strain was now infectious in eggs. 
In a following experiment, mumps virus was 
passaged 5 times. In each passage there was a 
5% inoculum, the fluid was changed every 2 
days, and the harvest for sub-inoculation was 
collected on the 6th day. The cytopatho- 
genic effect varied markedly and irregularly 
for individual passages, from no demonstrable 
change in the 2nd and 3rd passage, to ap- 
proximately 50-75% degeneration in the Ist 
and last passages. The 5th passage harvests 
were estimated to represent a 10° dilution 
of the original inoculum. As in the previous 
experiment,. when the 5th passage material 


was inoculated intracerebrally in suckling 
mice, only the culture of the mouse strain was 
infectious; and neither strain could now pro- 
duce either infection or demonstrable virus in 
eggs. There was thus definite multiplication 


of the mouse-adapted mumps strain; but the 


only indication that the egg-adapted strain 
had propagated was the partial and irregular 
cytopathogenicity. d) Although yellow fever 
virus produced no significant cytopathogenic 
effect in either passage, the second passage 
material proved infectious on intracerebral 
inoculation in mice. In a second experiment, 
after 5 passages through the KB cell, esti- 
mated to represent a 10 dilution of the 
original inoculum, the undiluted culture ma- 
terial produced infection on intracerebral in- 
oculation in mice. As with the mumps 
strains, the cytopathogenic effects in these 
serial passages were irregular and incomplete. 

The other viruses studied, including mouse 
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encephalomyelitis (Theiler GD VII), 2 other 
APC strains (type 8 and strain DC), a Cox- 
sackie virus, and influenza type B, produced 
no cytopathogenic effects in either passage, 
and except for a small amount of residual 
virus in the second passage of the APC type 
8 and Coxsackie A9, there was no evidence of 
viral multiplication. In subsequent attempts 
with higher titer inocula, type 8 APC has 
been established in serial passage. 
be pointed out that the DC strain grows 
poorly in all cell types tested in tissue cul- 
ture, including HeLa cells(7). 


Summary. 1) A human epithelioid carci- 
noma cell in tissue culture (strain KB) has 
been found susceptible to a number of viruses, 
including poliomyelitis, herpes simplex, vac- 
cinia, a number of APC strains, LCM and 
EMC. Marked cytopathogenic effects were 
produced in 1-7 days, and viral multiplication 
was shown by complement fixation, tissue cul- 
ture, or animal titration of the second pas- 
sage material. 2) Only partial and irregular 
cytopathogenic effects were obtained with 
mumps, yellow fever, and the SV; strain of 
APC virus, but with apparently continuing 
elaboration of virus on repeated passage. 


It should. 
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Both an egg-adapted and a mouse strain of 
mumps virus were found to have lost their in- 
fectivity for eggs after several culture pas- 
sages. 3) Coxsackie virus (strain AQ), influen- 
za type B, one APC type, and GD VII had no 
cytopathogenic effect on this cell, and there 
was no evidence of viral multiplication. 
Rabies virus was cytopathogenic in the first 
passage only; and the harvest of the second 
passage was not infectious on intracerebral 
inoculation in mice. 
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Comparative Absorption of Vitamin B,., Analogues by Normal Humans. 
II. Chloro-, Sulfato-, Nitro- and Thiocyanato- vs Cyanocobalamin. (22264) 


CHARLES RosENBLUM, RicHarD S. YAMAMATO, RuTH Woop, Davip T. Woopsury, 
KuNIO OxupDA, AND Bacon F. Cuow. 
Merck Sharp & Dohme Research Laboratories, Rahway, N. J., and the School of Hygiene and 
Public Health, Johns Hopkins University, Baltimore, Md. 


The first(1) paper of this series reported 
results of comparative oral absorption studies 
of chlorocobalamin and cyanocobalamin em- 
ploying the urinary excretion method of 
Schilling(2). These tests were interpreted 
as indicating the superiority of cyanocobala- 
min over chlorocobalamin for alimentary ab- 
sorption by humans. Results of oral toler- 
ance tests with humans, dnd of fecal excre- 
tion measurements with rats, confirming the 
low chlorocobalamin absorption, are reported 
herein. In addition, similarly inferior ab- 


sorptions of sulfato-, nitro- and thiocyanato- 
cobalamins are reported, based upon urinary 
and fecal excretion studies in humans, and 
upon fecal excretion by rats. 

Methods. Materials. The preparation and 
properties of the radioactive and normal 
chlorocobalamins and cyanocobalamins em- 
ployed in these experiments have been de- 
scribed(1). Sulfatocobalamins were obtained 
photochemically as for chlorocobalamin ex- 
cept that irradiation was performed in 0.01 
M H:SOy, solution. Samples of the nitroco- 
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TABLE I. Urinary Excretion of Radioactivity by 
Humans. 
oo 
———_Cobalamin———____, Avg % of dose 


Oral Inj., 1 mg + stand. dev. 
Cyano 2 ug Cyano ; chloro =12* 
Sulfato + Sulfato 3.9 + 1.5 

Chloro 26+ .8 
Cyano Sh/f sare legs) 
Nitro K Nitro PAL) cre ys) 
Chloro Billicres 1S) 
Cyano 1S) Se 
Thiocyanato ” * ree AD 
Nitro 5 8 5.8 + 3.6 
Cyano t be Out 910) 
* Avg of accumulated standard test data. 
balamins and thiocyanatocobalamins were 


prepared from sulfatocobalamins by treat- 
ment with acid nitrite and KSCN respec- 
tively. Paper chromatograms,* distribution 
coefficients and absorption spectra attested 
to the identity of the radioactive and normal 
forms. Specific activities of the radioactive 
cobalamins were: cyano-~200 pc/mg; sul- 
fato-~130 wc/mg; nitro-~130 pc/mg and 
thiocyanato-~171 pc/mg. The urinary ex- 
cretion(2,3) and the Heinle-Welch(4) fecal 
excretion (5-6 days) methods employed to 
compare the several labeled cobalamins have 
been adequately described elsewhere. In all 
cases the subjects (groups of 4-6) were 
young, healthy adult males under continual 
supervision to insure complete collection of 
excreta. Urine and feces radioactivity was 
determined by scintillation counting. Two 
series of oral tolerance tests were performed 
with chloro- and cyanocobalamin as described 
by Chow(5). Subjects were fed 3 or 5 mg of 
test substance in aqueous solution after first 
removing 15 ml of fasting blood for micro- 
biological assay of serum for vitamin Byp. 
Two hours after ingestion, another 15 ml 
sample of blood (still fasting) was removed 
for vit. By. assay. Aged subjects, 7.e. over 65 
years, were employed in order to reveal more 
readily resultant changes in serum vit. Bio. 
Only differences in excess of 40 pyug/ml 
are considered experimentally significant(5). 


* The authors are grateful to R. D. Babson of the 
Research Laboratories of Merck & Co., for these 
chromatographic tests. 
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Normal adult male rats of the Johns Hopkins 
colony, weighing an average of 300 g per 
animal, were employed (in groups of 6) in 
fecal excretion experiments with cyano-, 
chloro- and nitrocobalamin-Co®. A 50 mug 
dose of labeled analogue was fed to each rat 
by stomach tube and feces collected for 5 
days. All collections were measured for co- 
balt 60 content by scintillation counting of 
feces homogenates. Actually, excretion of 
radioactivity was negligible after the first 24- 
48 hours. 

Results. Human urinary excretion results 
are compiled in Table I. Table II contains 
the results of 2 fecal excretion studies with 
0.5 wg of cyano- and_ nitrocobalamin-Co” 
administered to human subjects. Although 
daily measurements were performed, only 
cumulative excretions for the entire collection 
periods are of interest. Group average cumu- 
lative excretions measured, and average ab- 
sorption values computed therefrom by dif- 
ference, are reported. 

Results of the 2 oral tolerance tests are 
compiled in Table III. Initial concentrations 
and maximum difference, observed after 2 
hours, are reported in terms of pyg/ml of 
serum. 


TABLE II. Fecal Exeretion of Radioactivity by 


Humans. 
Cobalamin Avg % exer. Avg % 
Study (.5 wg oral) + stand. dev. absorbed 
Ist* (5 days) Cyano 18.0 = 7.1 82.0 
Nitro 41.8 +12.8 58.2 
2ud (6 days) Cyano 13.7 + 4.4 86.3 
Nitro 46.54 6.9 53.5 


*1 mg vit. B,. injected 2 hr after oral dose of 
tracer. 


TABLE III. Serum Levels (ug/ml) in Humans. 
-———- Cyano — Chloro——, 
Difference Difference 
Study Initial (2 hr) Initial (2 hr) 
Ist 280 682 222 0 
3 mg cyano ; 146 854 216 0 
3 mg chloro 251 70 157 0 
169 286 642 0 
227 94 570 305 
2nd IS) 204 169 76 
3 mg cyano; 122 158 140 41 
5 ” chloro 157 141 251 46 
227 94 490 0 
198 64 146 0 
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TABLE IV. Fecal Exeretion of Radioactivity by 
Rats. 
Cobalamin Avg % exer. Avg % 

(.050 ug oral) + stand.dey. absorbed 
Gyano. 65.44 7.2 34.6 
Chloro 906+ 9.5 9.4 
Nitro 85.2 + 15.2 14.8 


Table IV is a summary of the findings from 
the fecal excretion study with cyano-, chloro- 
and _ nitro-cobalamin-Co® administered to 
rats. Here too, group average cumulative ex- 
cretions (after 5 days) and computed ab- 
sorptions, are reported. 

Discussion. Application of the urinary ex- 
cretion method at 2 pg to sulfato-, thiocyan- 
ato- and nitrocobalamin reveals lower re- 
sponses than are obtained with cyanocobala- 
min, as can be seen from the summary Table 
I. For nitrocobalamin, this is true also at 
the 0.5 pg oral level. The low sulfato-excre- 
tions (~3% of the 2 pg dose) are practically 
identical with those reported previously for 
the chloro-analog, and are about one-fourth 
the average 12% figure typical of vit. Byes 
itself. Similar behavior characterizes nitro- 
cobalamin and thiocyanato cobalamin 7.e. low 
responses of 1.9-3.1% of the 2 ug dose inde- 
pendent of the choice of injected analogue. 
Even at 0.5 »g oral intake, the urinary nitro- 
cobalamin output of 5.8% is much less than 
the 17.6% elimination of cyanocobalamin. 
Furthermore as in the case of labeled chloro- 
(1), the nature of the injected cobalamin is 
immaterial. Thus sulfato-, chloro-, nitro- 
and cyano-cobalamin are indistinguishable in 
their capacity to induce cobalamin excretion 
upon injection, which again points to the 
equivalence, perhaps through interconverti- 
bility of cobalamins or conversion to another 
common structural analogue, of the several 
cobalamins once introduced into the blood 
stream. 

The similarity in behavior of the chloro- 
and sulfato-forms is understandable in terms 
of their identical electrolyte and hydrophilic 
properties(6,7) and spectra. Less evident is 
the reason for the slight responses obtained 
with nitrocobalamin and thiocyanato-cobala- 
min. These compounds are characterized as 
electrically neutral cobalamins(7,8) since the 
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substituent anions are relatively tightly 
bound(9) and because of their relative organ- 
ophilic tendencies(9,10). In this respect they 
resemble cyanocobalamin rather than aquo- 
cobalamin salts, and might have been ex- 
pected to exhibit a pronounced absorption 
closely approximating that of vit. By» itself. 
Despite evidence for slight dissociability in 
certain cases, addition of cyanide ion converts 
all known cobalamins to the cyano form. The 
current results then point to the unique im- 
portance of the latter group in governing the 
metabolic activity of the cobalamins, rather 
than to the dissociability of the substituent 
anion. It is conceivable that even the low 
non-cyano responses are themselves due to 
partial interactions with traces of cyanide ion 
in gastric juice or upper intestinal contents 
rather than to an inherent activity of these 
cobalamins. 


That the extent of urinary excretion after 
injection is an index of absorption has been 
verified by independent methods of demon- 
strating absorption.t In the case of chloro- 
cobalamin, oral tolerance tests (Table III; 
first study) with humans failed to reveal any 
increase in serum cobalamin concentration in 
four out of five subjects fed 3 mg doses; and 
even feeding of 5 mg (Table III; second 
study) produces a barely significant rise in 
3 out of 5 persons. By contrast, ten individ- 
uals receiving 3 mg of cyanocobalamin each 
exhibited serum levels 2 hours after ingestion 
which were on the average approximately 2-3 
times normal. Further evidence for the su- 
perior absorption of cyanocobalamin is pro- 
vided by the fecal excretion measurements 
with rats. It is obvious from Table IV that 
the absorption (9.4% of the 50 mug oral 
dose) of chlorocobalamin is only about one- 
fourth the 34.6% absorption typifying cyano- 
cobalamin. 


Similar confirmation has been obtained in 


+ G. B. J. Glass, N. Y. Medical College has ob- 
served(11) by hepatic uptake method that the cpm 
of liver projections after oral administration of 0.5 
ug of chlorocobalamin-Co®? is only one-half to one- 
third the radioactivity noted after administration of 
cyanocobalamin-Co®, This is in accord with con- 
clusions presented in our paper. 
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studies comparing the fecal excretion of la- 
beled nitrocobalamin with that of cyanoco- 
balamin by rats and humans. In the rat 
studies (Table IV) nitrocobalamin absorp- 
tion (14.8%) is less than half the 34.6% 
value obtained with the cyano- form. In the 
first of the human studies (Table IT), fecal 
excretions of nitro- and cyano- forms were 
respectively 41.8% and 18.0% of the 0.5 pg 
oral dose which presumably correspond to 
absorptions of 58.2% and 82.0%. Respec- 
tive absorption figures of 53.5% and 86.3% 
obtained in the second study are in excellent 
agreement. When one considers that “zero” 
absorption values, as are obtained with per- 
nicious anemia patients(12), may range from 
O to 24% (average~12%), these figures 
would indicate a 2 to 1 superiority in absorp- 
tion in favor of cyanocobalamin. 

It is significant that all methods support 
the observations, based upon the urinary ex- 
cretion method, that cyanocobalamin excels 
the other cobalamins as an oral absorption 
form. One may conclude further that, as re- 
gards the cobalamin family, the injection-ex- 
cretion test can serve as an index by which to 
judge comparative absorption. 

Summary. 1. Urinary excretion measure- 
ments indicate considerably lower oral ab- 
sorption of sulfato-, nitro- and thiocyanato- 
cobalamin than is exhibited by cyanocobala- 
min. In the blood stream, however, the sev- 
eral cobalamins are equivalent in inducing 
the excretion of ingested vit. Bis. 2. That 
cobalamin urinary excretion responses truly 
constitute an absorption index was verified in 
studies comparing chlorocobalamin with cy- 
anocobalamin, by serum level assays in hu- 
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mans and by fecal excretion experiments with 
rats. 3. Inferior absorption of orally admin- 
istered nitrocobalamin was confirmed by fecal 
excretion observations in humans and rats. 
4. The superior absorption of cyanocobala- 
min (vit. Bis) over other cobalamins studied 
is attributed to either the chemical specificity 
of the substituent cyano group or the tight- 
ness of its binding in the cobalt coordination 
sphere. 
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Decrease of Coenzyme A Content in Fatty Liver.* 
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Some years ago it was found that panto- 
thenic acid deficiency produces fatty liver in 
dogs(1). This observation appeared of par- 
ticular interest after the discovery of coen- 
zyme A (CoA)(2) and the identification of 
pantothenic acid as precursor of CoA(3,4), 
this coenzyme having a pivotal position in 
degradation and synthesis of fatty acids and 
cholesterol(5-7). Since CoA represents the 
functional form of pantothenic acid in tissues, 
it appeared reasonable to suppose some rela- 
tion between CoA-deficiency and formation 
of fatty liver. However, more recently it has 
been reported that, not only does fatty liver 
not occur in pantothenic acid-deficient rats 
but that these rats are resistant to liver fat 
deposition ordinarily caused by cholesterol- 
rich diet(8). The difference of results in the 
2 species is probably due to the fact that 
adrenal changes produced by pantothenic 
acid deficiency are much more severe in rats 
than in dogs(cf. 9). Adrenal hypofunction 
has been found to occur in pantothenic acid- 
deficient rats, which, in some respects, react 
as though adrenalectomized(10). That 
adrenal glands play an important role in the 
formation of fatty liver is shown by the fact 
that adrenalectomy prevents deposition of fat 
in the liver due to different steatogenic treat- 
ments(11-16). It seemed to us worthwhile 
to investigate whether CoA is implicated in 
the pathological accumulation of fat in liver. 
This paper reports the results of the estima- 
tion of CoA in fatty liver produced with 
carbon tetrachloride. 

Materials and methods. Adult female al- 
bino rats, weighing between 250-300 g, were 
used. Animals were kept on a standard diet 
of the following composition: glucose, 73%: 
casein, 18% ; maize oil, 3%; cod liver oil, 2%; 
salts, 4%(17). Supplementary crystalline 
vitamins were added in the following quanti- 
ties per 100 g of diet: thiamine, 400 ug; ribo- 


* This investigation was aided by a grant from the 
Consiglio Nazionale delle Ricerche, Roma. 


flavin, 800 wg; pyridoxine, 400 yg; niacin, 


2000 pg; calcium pantothenate, 2000 pg and q 


choline chloride, 100 mg. After 3 weeks on 


this diet, the animals were divided into 2 || 


groups. Rats of the first group were used as 


normal controls and those of the second group || 
were injected for 8 days with CCl, to produce 


fatty liver (0.2 ml/100 g body wt/day of 
20% solution of CCl, in olive oil, subcu- 
taneously). During treatment with CCl, the 
animals were fed with the aforementioned 
standard diet. 
mental rats were fasted for 12 hr before the 
experiment. They were killed by decapita- 
tion and livers were quickly removed. Por- 
tions of liver were taken for histological ex- 


amination and for estimation of nitrogen and — 


lipid contents. The remainder of hepatic tis- 


sue was immediately chilled and homogenized | 


with water. The homogenate was rapidly 
boiled, centrifuged, filtered(18) and CoA es- 
timated in the boiled extract by a modifica- 
tion(19) of the method of Kaplan and Lip- 
mann(18). The tissue samples for histo- 
logical study were placed in 10% formalin 


within a few minutes after death; paraffin | 


sections were stained with hematoxylin- 
eosin and frozen sections were stained with 
Sudan III for fat and hematoxylin as a coun- 
terstain. Nitrogen was - determined with 
Nessler’s reagent after digestion of the 
samples with sulphuric acid containing cop- 
per selenite(20). Total lipids were deter- 
mined by extraction of dry tissue with ether 
in Soxhlet apparatus and weighing of fatty 
residue after removal of solvent. Tissue was 
dried by heating in oven at 100°C until con- 
stant weight. Acetylating apoenzyme was 
prepared from pigeon livers according to Kap- 
lan and Lipmann(18) but livers were frozen 
overnight and homogenized directly from the 
frozen state into cold acetone as suggested by 
Handschumacher, Mueller and Strong(19). 
Chromatographically pure 4-aminoazoben- 
zene was used; the commercial product ob- 


Both normal and experi- — 
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TABLE I. Coenzyme A Content in Normal and 
Fatty Livers.* 

——_—_L_=[——===_=_—====~ 
CoA, ng pan- 

totheni¢ acid 

Total lipids, bound as Co- 

mg/mg liver A/mg liver 

N. N: 


Normal rats 1.32 + .07 2.2 + .13 
CCl,-intoxicated rats 2.41 + .11 1.54 + 11 
Difference of the means 1.09 .66 
Pt <0 <a) i) 

* Figures are means of 8 experiments + stand 


error. 
+ Probability determined by t test. 


tained from Eastman Kodak Co. was purified 
as indicated by Handschumacher et al.(19). 
Adenosine triphosphoric acid (barium salt) 
and a crude preparation of CoA were obtained 
from the Sigma Chemical Co. All the other 
chemicals were reagent grade. 

Results. Microscopic examination con- 
firmed that CCl,-intoxicated rats developed 
typical fatty livers. Chemical analyses of 
livers revealed amounts of lipid which corre- 
sponded well with the microscopic picture. 
As to be expected, the fat content was mark- 
edly increased in livers of CCl,-intoxicated 
animals (Table I). The results of CoA esti- 
mations in both normal and pathological liv- 
ers are summarized in Table I. It is appar- 
ent that CoA content was significantly low- 
ered in fatty livers as compared with normal 
controls (30% decrease). 

Discussion. Results presented are suf- 
ficient evidence for a marked decrease of CoA 
content in fatty liver. However, because of 
the method used in estimation of CoA it is 
possible that the actual decrease of CoA in 
fatty liver was greater than we observed. 
It has been shown that pigeon liver extract 
of Kaplun and Lipmann(18), in the presence 
of adenosine triphosphate (ATP) is capable 
of synthesis of CoA from some fragments 
containing pantetheine, in particular from 
dephospho-CoA and from phosphopantetheine 
(21,22). The CoA-assay system used in our 
experiments included both ATP and the Kap- 
lan-Lipmann extract of pigeon liver as an 
acetylating apoenzyme. Thus, values for 
CoA here reported represent the sum of pre- 
existing complete CoA plus any CoA synthe- 
sized from smaller molecules during the as- 
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say. The possibility exists that the amount 
of precursors of CoA was increased in fatty 
liver because of an impaired formation of 
complete coenzyme. If this were true, the 
synthesis of CoA during the assay would er- 
roneously raise the figures for fatty livers 
more than those for normal livers. The un- 
coupling of oxidative phosphorylation found 
in mitochondria from fatty livers(23) could 
account for the impairment of CoA synthesis 
and for the accumulation of the precursors. 
ATP, in fact, is involved in biosynthesis of 
CoA(24). It is also to be noted that mito- 
chondria swollen in vitro release CoA into the 
suspension medium where the coenzyme is 
broken down to fragments containing pante- 
theine(25). This observation may be of in- 
terest because mitochondria from fatty liver 
closely resemble, in their morphology and 
enzymatic activities, osmotically damaged 
mitochondria(23). Although an _ impaired 
synthesis seems the most likely explanation 
for the decreased content of CoA in fatty 
liver, the possibility of an increased break- 
down of the coenzyme cannot be ruled out. 
It also remains obscure whether the CoA- 
deficiency plays a pathogenic role in the 
formation of fatty liver or it only represents 
a consequence of cell damage. As far as 
concerns the possible participation of CoA- 
deficiency in the pathogenesis of fatty liver, a 
hypothesis can be put forward if only pro- 
visionally. The low level of CoA and ATP, 
which are necessary for activation of fatty 
acids, would lead to impaired utilization of 
lipids in the liver and, consequently, to 
pathological accumulation of fat. Of course, 
this pathological condition is more severe 
when fat mobilization from depots to the 
liver is accelerated. According to the results 
of previous work(cf. 26), an increased mo- 
bilization of fat from the peripheral tissues 
to the liver actually occurs during fatty liver 
formation. 


Summary. Coenzyme A has been esti- 
mated in both normal and CCl,-fatty livers. 
The level of coenzyme A is decreased in fatty 
livers as compared with normal controls. 
The possible role of this change in the forma- 
tion of fatty liver is discussed. 
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Amino-acid decarboxylases of bacterial ori- 
gin are now widely used for the quantitative 
estimation of certain amino-acids(1-7,9). 
Gale(1) suggested the use of Clostridium 
welch SR-12 for the determination of glu- 
tamic acid. This organism releases COs not 
only from L-glutamic acid, but from L-glut- 
amine(3), and L-aspartic acid(5,6) as well. 
Additional tests and special conditions are 
necessary(3,5,6) to obtain separate values 
for each of these compounds. Glutamic 
acid decarboxylases obtained from different 
strains of E. coli were used by several inves- 
tigators(2,7-9) for the assay of L-glutamic 
acid. In general, the FE. coli preparations 
possessed in addition to L-glutamic acid de- 
carboxylase, a glutaminase(7), or a L-lysine 


and L-arginine decarboxylases(2,8,9). Re- 
cently, Najjar and Fisher(9) reported that 
they were able to destroy the arginine and 
lysine decarboxylases without seriously af- 
fecting the L-glutamic acid decarboxylase. 

In the present paper a description of the 
use of cell-free extracts from Mycobacterium 
phlei for the determination of L-glutamic 
acid will be given. Extracts from this organ- 
ism decarboxylate quantitatively L-glutamic 
acid only and do not react with 18 other 
amino-acids tested. Furthermore, no gluta- 
minase or glutamo-racemase activity could be 
detected under conditions optimal for the de- 
carboxylase activity. 

Methods. A strain of Mycobacterium 
phlei from the stock of this laboratory is 
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grown in Roux bottles on nutrient agar me- 
dium (peptone—1%, meat extract ‘“Bovril” 
O39 2 NaCl—0.50%, NazHPO, 12H:2O 
—0.25%), to which 0.1% Tween 80 was 
added, and incubated for 3-4 days at 35°C. 
The total crop from 6 bottles is washed 3 
times with saline, resuspended in 20 ml dis- 
tilled water and then disintegrated in a 9 
KC Raytheon sonic vibrator for 25 minutes. 
An alternative method for preparing the ex- 
tracts by grinding the bacterial paste with 
alumina A-301, according to MclIlwain(10) 
was also used and proved quite satisfactory. 
After disruption of the cells the debris are 
removed by a Servall centrifuge at 10,000 
r.p.m. for 20 minutes and the clear and some- 
what opalescent supernatant is dialyzed 
against running tap water in the cold-room 
for i3-15 hours. The protein content of the 
dialyzed solution is determined by Mehl’s 
Biuret method(11). 


Results. Measurements of glutamic acid 
decarboxylation. a). The Warburg mano- 
metric technic is used and from the amount 
of CO, evolved the quantity of glutamic acid 
that underwent decarboxylation can be cal- 
culated. Suitable controls containing no sub- 
strate and other controls containing substrate 
with KOH in the central well are run simul- 
taneously with the complete system. All 
measurements are made at 37°C in citrate- 
phosphate buffer, pH 5.2, final concentration 
as indicated by Mcllvaine(12), with air as 
the gas phase. The main compartment con- 
tains the enzyme and the buffer; the sub- 
strate is tipped in from the side-arm after 
equilibration for 20 minutes. For estimation 
of the reaction rate measurements are taken 
every 5-10 minutes. For quantitative estima- 
tion of glutamic acid readings are made until 
no changes in gas pressure are seen. The re- 
covery of glutamic acid is 95-98% and owing 
to the low pH of the system there is hardly 
any retention of CO. by the liquid phase. 
b) Paper chromatography was used as an al- 
ternative method for the quantitative deter- 
mination of the other product of decarboxy- 
lation of glutamic acid—y-amino-butyric acid. 
Circular chromatography after Giri e¢ al.(13) 
was employed; the solvent used was water- 
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FORMED 
~o 


pm. S-AMINO-BUTYRIC ACID 


FIG. 1. The system contained: 10 .M L-glutamie 
acid, cell-free extract equivalent to 6.8 mg protein, 
Mellvaine’s buffer, pH values as indicated, total 
volume—Il ml; time of incubation—2 hr at 37°C. 
The y-amino butyric acid was determined by quan- 
titative paper chromatography(13). 


saturated phenol. The effect of pH on the 
activity of the enzyme is presented graphic- 
ally in Fig. 1. The optimum activity is at 
pH 5.2-5.4, falling off rapidly at both sides of 
the pH curve, the slope being even steeper 
on the alkaline side. 

The influence of enzyme concentration on 
the reaction rate was studied and as is appar- 
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FIG. 2. The system contained: 10 uM L-glutamic 


acid, varying quantities of a cell-free extract (7.5 
mg protein/ml), MelIlvaine’s buffer—pH 5.2; to- 
tal volume—2.5 ml. Incubation at 37°C. 


10 pM. GLUTAMIC ACID—224 aM. CO, THEORETICAL VALUE 


CO, EVOLVED 
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FIG. 3. The system contained: 10 uM L-glutamie 

acid, cell-free extract equivalent to 15 mg protein, 

Mellvaine’s buffer—pH 5.2; total voluame—2.5 ml. 
Incubated at 37°C. 


ent from Fig. 2, activity is proportional to en- 
zyme concentration as long as the enzyme is 
saturated with substrate. For the assay the 
enzyme is always taken in excess (15-20 mg 
protein per vessel). A typical experiment is 
illustrated in Fig. 3. Dialysis of the enzyme 
solution is not essential. However, when un- 
dialyzed extracts were used, the blanks 
showed considerably higher values. Only 
slight differences in activity (about 10%) 
were noticed when dialyzed and undialyzed 
extracts were compared. The enzyme prepa- 
ration is quite stable; about 24 of activity 
were preserved after storage at O°C for 4 
months. 

Specificity for L-glutamic acid. In re- 
peated experiments with a series of amino- 
acids the cell-free extracts from Mvycobac- 
tertum phlei did not decarboxylate any amino- 
acid other than L-glutamic acid. The amino- 
acids tested were: L-alanine, L-arginine, L- 
aspartic acid, D-glutamic acid, L-glutamine, 
glycine, DL-histidine, DL-hydroxyproline, 
DL-isoleucine, L-leucine, L-lysine, DL-methi- 
onine, DL-ornithine, DL-proline, DL-serine, 
DL-threonine, DL-tyrosine, L-valine. Fur- 
thermore, there is no appreciable change in 
decarboxylation rate of L-glutamic acid 
when D-glutamate, L-aspartate, L-glutamine, 
or L-asparagine are present. (Table I). 

Partial purification of enzyme. A cell-free 
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extract was prepared as already described. 
Ammonium sulphate was added gradually to 
obtain 33% saturation. The precipitate 
(fraction I) was centrifuged off and to the 
clear supernatant a further amount of am- 
monium sulphate was added until 50% satur- 
ation was obtained; centrifugation was then 
repeated and after removing the precipitate 
(fraction II) more ammonium sulphate was 
added to the supernatant until 70% satura- 
tion was reached. The precipitate (fraction 
III) was removed by centrifugation. All the 
manipulations were carried out in the cold- 
room. Table II shows the activities of the 
various fractions (after dialysis to remove 
the (NH,)2SO,) as tested.for glutamic acid 
decarboxylase. Fraction II (precipitate from 
33-50% saturated (NH4)2SO, solution) con- 
tained over 50% of the original activity with 
a 3-4-fold purification. 

Discussion. The enzyme preparation de- 
scribed in this paper has the advantage of 
being highly specific towards L-glutamic 
acid; none of the other 18 amino-acids tested 
is attacked by the enzyme. Closely related 
amino acids and amides (D-glutamic acid, L- 
glutamine, L-aspartic acid and L-asparagine) 
did not interfere with the activity of the 
glutamic decarboxylase. The lack of any 
measurable glutaminase activity enables di- 
rect estimation of L-glutamic acid in natural 


TABLE I. Influence of Related Substances on De- 
carboxylation of L-Glutamie Acid. 


7y-amino 


CO, 
evolved* butyric acid 
Substrates (uM) (uM) formed* (4M) 

L-glutamie acid, 10 60 60 
D-glutamie acid, 10 0 
L-glutamine, 10 0 a0) 
L-aspartie acid, 10 0 0 
L-glutamie acid, 10 + 58 

D-glutamie acid, 10 
L-glutamie acid, 10 + 60 58 

L glutamine, 10 
L-glutamie acid, 10 + 62 

L-aspartie acid, 10 
L-glutamie¢ acid, 10 + .62 


L-asparagine, 10 


* Values caleulated/mg enzyme protein/hr. 


The reaction mixture was set up in Mellvaine’s 
buffer, pH 5.2, in a total volume of 1 ml, and in- 
cubated at 37°C; the y-amino butyric acid formed 
was determined by quantitative paper chromatog- 
raphy (13). 
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TABLE It. Partial Purification of L-Glutamic 
Acid Decarboxylase with Ammonium Sulfate. 
aaa 

Specific ae- 


Total Total tivity (units 
activity protein per mg pro- 
(units)* (mg) tein) 
Crude extract 216 1200 18 
ial 33 St 46 760 06 
ib = .50:s 113 180 63 
Pee) 2470's 5 40 12 
Supernatant at .70s 0 213 0 


*1 unit is defined as that amount of enzyme 
which will decarboxylate 1 »M of glutamic acid in 
10 min. 

+ F = fraction; s = saturation. 


The tests were performed with dialyzed enzyme 
samples; the y-amino butyric acid formed was de- 
termined by quantitative paper chromatography. 


products containing considerable amounts of 
glutamine. The cultivation of the bacteria 
and the preparation of the extract do not pre- 
sent any difficulties. It is possible to prepare 
a larger amount of extract and preserve it for 
a long period by cold-storage. 

Summary. 1. A preparation from Mycobac- 
terium phlet with decarboxylase activity 
towards L-glutamic acid only, was described. 
The preparation has no detectable decarboxy- 
lase activity towards other 18 amino-acids 


SMES) 


tested, and no glutaminase or glutamo-race- 
mase activities. This enables direct estima- 
tion of L-glutamic acid in natural products. 
2. The optimal pH range is between pH 5.2- 
5.4, with a sharp drop in activity at pH val- 
ues of 4 and 6 respectively. 3. Some purifica- 
tion of the enzyme was achieved by fraction- 
ation with ammonium sulphate. 
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Studies in relationships of inorganic phos- 
phorus and glucose in blood, both in experi- 
mental animals and in man, have contributed 
to the development of present-day concepts 
concerning the role of phosphorus in meta- 
bolic processes(1). It has been established 
that marked lowering of blood glucose follow- 
ing administration of insulin is associated 
with simultaneous fall in phosphorus in blood 
and urine(2,3). A similar decline in inor- 


* This work was supported in part by Eli Lilly 
and Co. and by grant A-611(R) M&N, National 
Institutes of Health, U. S. Public Health Service. 


ganic phosphate also occurs following admin- 
istration of glucose(4-6). The fall in serum 
phosphate has been shown to be related to 
active entry of glucose into the glycolytic 
cycle in muscle, rather than into the glyco- 
geneic cycle in the liver(7). These observa- 
tions have been extended and related to the 
action of insulin, epinephrine, and certain 
hypophyseal hormones(8). On the basis of 
these findings, the fall of serum inorganic 
phosphorus following intravenous administra- 
tion of glucose has become an accepted cri- 
terion for peripheral utilization of glucose. 
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TABLE I. Summary of Pertinent Data and Correlation Coefficients between Inorganie Phos- 
phorus and Glucose. 


Correlation Correlation 
coef, between coef. between 


Blood Plasma Urine Urine blood glucose urine glucose 
glucose, inorganic glucose, inorganic and plasma and urine in- 
range,  P, range, range, P,range, Days inorg. phos- organic phos- 
Patient mg % mg % g/24 hr g/24hr observed phorus phorus 
J.P. 36-468 3.0-5.2 .5- 90.8 45- .90 33 Sst —.20 
R.E, 90-211 2.8-3.5 2- 11.9 .41-1.19 37 = 27 21 
151 8ha 96-451 3.0-4.4 .8-140.0 .40-1.22 22 —.20 58t 
E.M.,’53 87-368 3.6-4.7 5.1-116.0 72-1.31 12 —.68* 51 
52 = 60-367 1.8-3.7 = — 32 —.62t oe 
M.K. 53-442 3.4-5.0 = — 36 —.26 a 
J.M. 74-325 3.4-5.0 4- 33.5 .43-1.42 24 —.15 27 
M.W. 50-331 2.4-4.4 8- 42.7 .29- .79 32 —.69T 37* 
HS. 46-356 1.9-4.2 == — 31 =.15 == 
M.A. 88-163 3.4-4.9 2.9- 29.3 .83-1.18 6 —.96t .06 
G.C. 145-473 1.8-4.4 — =- 23 —.28 a 
G.M. 44-540 2.7-3.9 .2-144.9 .86-1.72 26 —.46* 33 
M.S. 44-369 2.9-5.0 6- 83.5 .40-1.17 30 —.68t 30 
J.B. 30-244 2.2-5.0 — — 33 SE == 
IE 75-353 2.6-5.0 1.0- 85.3 .42-1.26 42 —44* 18 
8.D. 57-267 3.5-5.6 we Bes -78-1.20 11 = 12" -.07 
nal <a: tT P01. 


Clinically, changes in serum inorganic phos- 
phorus during intravenous glucose tolerance 
test have been used to differentiate diabetes 
mellitus from hyperglycemia of liver disease 
and other syndromes(9-12). 

With these concepts in mind we set about 
to determine the relation of blood phosphorus 
to spontaneous and induced changes in blood 
sugar levels in patients with diabetes mellitus. 
The purpose of this paper is to report vet an- 
other relationship between plasma inorganic 
phosphorus and blood sugar which to our 
knowledge has not been described previously. 

Procedure and methods. Phosphorus-glu- 
cose relationships were determined in 15 dia- 
betic patients studied on the Metabolism 
Ward for prolonged periods. Ten patients 
had unstable diabetes; 4 were of the stable 
type(13). The group covered a wide range 
in age, duration of diabetes, and amount of 
exogenous insulin required. Throughout hos- 
pitalization, each patient received a chemi- 
cally constant diet of identical foods and food 
values, the same menu being served every 
day. Data were obtained under optimal and 
suboptimal insulin regulation. Blood glucose 
and plasma or serum inorganic phosphorus 
were determined daily from the same sample 
of blood taken each morning before break- 
fast. Blood and urinary glucose were ana- 


lyzed according to Somogyi’s modification of 
the Shaffer-Hartman copper-iodometric titra- 
tion method for “true” blood sugar(14). 
Plasma or serum inorganic phosphorus was 
determined either by modification of the 
method of Kitson and Mellon(15) or the 
method of Fiske and SubbaRow(16) and the 
urinary inorganic phosphorus by the method 
of Fiske and SubbaRow. 

Results. A summary of the pertinent data 
is presented in Table I. It will be noted that 
there is a very wide range of blood glucose 
levels and, correspondingly, a fairly wide 
variation in plasma or serum inorganic phos- 
phorus values. These 2 variables appeared 
to be related in a reciprocal manner, so that 
in general, low blood sugar levels tended to be © 
associated with high plasma inorganic phos-— 
phorus levels and vice versa. In fact, a uni- 
formly negative correlation between the 2 
was found in all of the 15 patients studied 


(Table I). However, coefficients of correla- © 


lation varied markedly from patient to patient. 
The degree of correlation did not appear to be 
dependent upon age, duration or type of dia- 
betes, or amount of exogenous insulin re- 
quired. Fig 1 illustrates the relationship be- 
tween individual values for blood sugar and 
plasma inorganic phosphorus in a patient 
showing a fairly high coefficient of correlation. 
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PATIENT - J.F.- FEMALE - AGE 21 YRS. - UNSTABLE DIABETES 


FASTING 500 


BLOOD 
SUGAR 5g 
MG% 
100 
25 
BLOOD PLASMA INORGANIC PHOSPHORUS 
MG % 
FIG, 1. Correlation between daily fasting blood 


sugar and plasma inorganic phosphorus in a pa- 
tient with unstable diabetes mellitus. 


In the one patient (E.M.) who was studied on 
2 separate occasions, one year apart, the co- 
efficients of correlation were found to be re- 
markably close, 7.e., —0.68 and —0.62 respec- 
tively. In contrast to the negative correlation 
between blood glucose and plasma inorganic 
phosphorus there appeared to be a slight ten- 
dency, if any, toward a low positive correla- 
tion between the 24-hour excretion of glucose 
and inorganic phosphorus in the urine. 

Fig. 2 and 3 illustrate graphically the day- 
to-day levels of glucose and inorganic phos- 
phorus in blood and urine and their interrela- 
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tionships under different levels of insulin reg- 
ulation in a patient with stable diabetes 
(M.W.) and in one with unstable diabetes 
(M.S.). respectively. It will be seen that in 
both patients, under optimal regulation, the 
spontaneous changes in blood sugar either 
above or below the normal base line appear 
to be associated with changes in plasma in- 
organic phosphorus in an inverse manner. On 
withdrawal of insulin (Fig. 2) or reduction of 
dosage to 50% or 60% of optimal (Fig. 3) 
the ensuing hyperglycemia is associated with 
a concomitant fall in plasma inorganic phos- 
phorus. Note that the fall in inorganic phos- 
phorus associated with the rise in fasting 
blood sugar in Patient M.W. occurred before 
the onset of the delayed glycosuria and was 
not associated with any appreciable change 
in the 24-hour excretion of inorganic phos- 
phorus. Ketosis was absent in Patient M.W. 
In Patient M.S. ketonuria did not occur until 
several days of suboptimal insulin therapy 
had elapsed. 

Discussion. The data presented demon- 
strate beyond all generally accepted statisti- 
cal standards of reasonable doubt that, in the 
diabetics studied, fasting blood sugar and 
plasma phosphate level are negatively cor- 
related. Whether or not this represents a 
causal relationship cannot be established by 
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FIG. 2. Illustration of interrelationships of daily levels of glucose and inorganic phosphorus 


in Flood and urine in a patient with diabetes mellitus under (a) optimal insulin regulation and 
(b) insulin withdrawal for an 11-day period. 
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Illustration of interrelationships of daily levels of inorganic phosphorus and daily 


levels of glucose in blood and urine in a patient with unstable diabetes under (a) optimal and 
(b) suboptimal insulin regulation. 


this type of study. The consistency and re- 
producibility of the relationship in a given 
individual both with spontaneous changes in 
blood sugar and with changes induced by vary- 
ing the dose of exogenous insulin would seem 
to favor a causal relationship. At any rate, 
the phenomena observed are of considerable 
interest since they are the reverse of those 
that had been anticipated in light of changes 
in serum phosphate with glucose utilization 
reported in short term experiments(2-12). If 
low blood sugar levels are taken as an index 
of increased utilization of glucose, one might 
expect low rather than high levels of phos- 
phate. Conversely, decreased utilization of 
glucose as evidenced by hyperglycemia and 
glycosuria should lead: to an accumulation of 
inorganic phosphorus in blood and urine. In- 
deed, elevation of both plasma and urinary 
phosphate does occur in diabetic acidosis; 
insulin therapy reduces these levels precipi- 
tously(17,18). In the present studies acidosis 
was absent. It should be pointed out that the 
present studies are not strictly analogous to 
the short term studies just alluded to. There 
is evidence that the short term change in phos- 
phate caused by injection of glucose and in- 
sulin intravenously in diabetics is similar to 
that of normals(12). It is therefore possible 
that the phosphate-glucose relationships de- 
scribed reflect a different type of activity. 
Can the observed phenomena be explained 


in part on a renal basis? Induction of hyper- 
glycemia and glycosuria in normal animals 
(19) and man(20) has been shown to increase 
urinary excretion and clearance of phosphate 
while depressing tubular reabsorption of phos- 
phate. In the present studies glycosuria does 
not appear to be an important factor in pro- 
ducing the phosphate changes since (1) the 
phosphate-glucose relationships occur in the 
absence of glycosuria and (2) phosphate and 
glucose excretion show at best only a very low 
positive correlation. This suggests that the 
observed phenomena reflect altered equilibria 
between phosphate stores and circulating phos- 
phate rather than alterations in the renal 
mechanism governing phosphate excretion. 
Summary. In a metabolic study of 15 pa- 
tients with diabetes mellitus, a reciprocal re- 
lationship between fasting blood glucose and 
plasma or serum inorganic phosphorus was 
observed in all cases. In general, low levels 
of blood sugar tended to be associated with 
high levels of inorganic phosphorus and vice 
versa. Although a negative correlation was 
found in all patients, the coefficient of corre- 
lation varied markedly from patient to pa- 
tient. There appeared to be a slight ten- 
dency, if any, toward a low positive correla- 
tion between the 24-hour excretion of glucose 
and inorganic phosphorus in the urine. The 
significance and possible mechanisms of the 
observed interrelationships are discussed. 
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We are indebted to Dr. S. Lee Crump, University 
of Rochester Medical Center, for statistical analyses 
in this paper. 
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Reactions of Cyanocobalamin and Aquocobalamin with Proteins.* (22268) 


Wa tace R. BAuRIEDEL, JosSePH C. PICKEN, JR., AND LELAND A. UNDERKOFLER.t 
(Introduced by Earl A. Hewitt.) 


Veterinary Medical Research Institute and Department of Chemistry, Iowa State College, Ames, Ia. 


It now appears probable that absorption, 
transport, storage and function of cobalamins 
are accomplished by vitamin-protein com- 
plex formation. Although there is ample evi- 
dence that cobalamins are bound by protein- 
aceous substances present in gastric and 
duodenal secretions, blood serum, liver tissue, 
and milk there is relatively little information 
concerning the nature of bonds involved in 
the binding reactions. Cooley and co-work- 
ers(1) postulated that cobalamin-protein re- 
actions may occur via cobalichrome formation 
analogous to the formation of ammonia and 
histidine cobalichromes. Van der Zant and 


* Part of these data were presented at 39th Annual 
Meeting of Federation of Am. Soc. for Exp. Biol, 
San Francisco, Apr. 11, 1955. 

+ Present address, Takamine Laboratory, Clifton, 
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Underkofler(2) presented evidence that sug- 
gests participation of both cobalt and sub- 
stituted benzimidazole of cobalamins in co- 
balamin-gastric mucosal extract reaction. 
Absorption spectrum of purified cyanocobala- 
min-gastric protein complex, reported by 
Wijmenga and co-workers(3), indicates that 
cyano-group may still be present in the com- 
plex. Gregory and Holdsworth(4) reported 
the isolation of a similar cobalamin-protein 
complex from sow’s milk and presented evi- 
dence indicating that the cyano-group is not 
displaced in the formation of this complex, 
and that the complex will not accept a second 
cyano-group. The latter authors made an 
extensive study of this binding reaction and 
concluded that tyrosyl residues of proteins 
but not sulfhydryl or amino groups, may par- 
ticipate. This investigation presents further 
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FIG. 1. Dialysis cells and rotation apparatus. 


evidence concerning mode of linkage involved 
in cobalamin-protein reactions. 

Dialysis method. Obvious inconsistencies 
in bacterial inhibition(5,6) and bacterial up- 
take(7) methods for differentiating free and 
bound cobalamins led to adoption of a dia- 
lytic procedure and radioisotope assay. Ini- 
tial trials using dialysis bags and dialyzing to 
equilibrium or exhaustion, indicated that 
these methods were time-consuming and 
mechanically awkward. By _ standardizing 
the volume, membrane area and agitation a 
short-term or partial dialysis method was de- 
vised. Three identical Plexiglas dialysis cells 
were used. Each cell half contained a milled- 
out channel of about 30 ml capacity and a 
filling hole. The membrane, Visking dialysis 
tubing slit along one edge, was stretched be- 
tween the two sections, separating and sealing 
the channels when cell halves were bolted to- 
gether. Cells and rotation apparatus (3 
r.p.m.) are shown in Fig. 1. In use, 25 ml 
of buffered protein-Co®-labeled cobalamin 
mixture were dialyzed against equal volume 
of the same buffer for 4 hours in the dark at 
room temperature. Both solutions were then 
subjected to radio assay using a G-M liquid 
counting detector. Concentration of protein 
was adjusted to bind about half of the la- 
beled cobalamin present. Using dialysis rate 
of free cobalamin, as determined by omitting 
protein from one of the 3 cells, the amount of 
cobalamin rendered non-dialyzable by a 
given amount of protein was calculated. 
Radioactive cobalamins were derived from a 
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Co-labeled preparation (225 wc/mg cobala- 
min) obtained from Merck and Co. on AEC 
allocation. Cyanocobalamin (vit. By.) was 
prepared by treatment of an aqueous solution 
of this preparation with an excess of NaCN 
followed by nitrogen aeration in the dark at 
pH 6.5. Aquocobalamin (vit. By2,) was pre- 
pared by simultaneous illumination and nitro- 
gen aeration of an aqueous solution of this 
preparation at pH 5.5. All subsequent opera- 
tions using these preparations were carried 
out under conditions of minimum light. 
Dialysis rate of vit. By2 followed Fick’s dif- 
fusion law, that is, directly proportional to 
concentration differential across membrane at 
constant temperature and membrane area, 
and was unaffected by buffer type or concen- 
tration, or pH over the range 2 to 10. Dialy- 
sis rate of vit. By2, was less straightforward, 
being complicated by adsorption by the cello- 
phane membrane, and perhaps dimerization, 
the effect being more prominent in media of 
low ionic strength. By using 0.2 M phos- 
phate buffer reproducible dialysis of vit. By, 
was obtained at observed rate approaching 
that of vit. By». 

Results. Using the partial dialysis method, 
it was found that many proteins bind vit. By», 
to a much greater extent than vit. Bys, as 
indicated in Table I. Although not hitherto 


TABLE I. Binding of Vit. B,. and B,, by Pro- 
teins. 


Bound cobalamin, 
mug/mg Nt 
12) Biopsy Bisps 
6 pH6.6 pH 4.0 


if 


B 
Protein preparation* pH 


Whole hemolysed blood 
Hemolysed red cells 
Plasma 

Plasma, heat denatured 
Albumin (Armour) 


Lysozyme, 2 erystallized 


Lysozyme, alkali denatured§ 
Ovalbumin 


SonOOom 
~] 


Trypsin, 2 erystallized 
Pepsin, ‘a 


aes) eseaylesy) Kea Sayreayientis) lor) 
MM WwW Wor vw 


bonNn 
On 


Gastric mucosal extract 340 340 320 

* Preparations contained 1 mg N/ml (0.013 mg 
N/ml for gastric mucosal extract) and 7.6 mug co- 
balamin/ml in 0.2 M phosphate buffer. Blood 
preparations were of bovine origin. 

t Sensitivity ca. 0.2 mug cobalamin/mg N, 

t Heated at 100°C for 5 min. 

§ Incubated in 0.1 N NaOH at 37°C for 2 hr, 
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reported, this difference in extent of reaction 
between the two forms of vitamin can be ex- 
pected as manifestation of cobalichrome 
formation. It was found that denaturation 
increased the vit. By.) binding capacity of 
plasma and lysozyme. The binding capacity 
of 3 preparations was markedly decreased in 
acid media. Unreported spectrophotometric 
studies(8) indicated that vit. B,.,-histidine 
reaction is similarly depressed in acid media, 
as expected, and that histidine is the only 
amino acid giving evidence of cobalichrome 
formation in neutral solution. Similar com- 
pounds such as histamine, imidazole, carno- 
sine, histidyl histidine and pyridine were 
found to form cobalichromes with vit. B,o,. 

However, it cannot be inferred that benzi- 
midazole is the only possible vit. B;., binding 
site, for it was observed(8) that substances 
such as cellophane, filter paper, heparin, and 
nucleic acids (DNA and RNA) rendered non- 
dialyzable considerable amounts of vit. By». 
These substances did not bind measurable 
amounts of vit. By2. The vit. By2, bound by 
these substances and by the protein prepara- 
tions was released by treatment with excess of 
cyanide in neutral solution. 


The binding of as much as 5 mug of vit. 
Bis»/mg of N by plasma is of interest for the 
physiological level is in the order of only 0.02 
mug of cobalamin/mg of N. Pitney, Beard 
and Van Loon have reported(9) that natur- 
ally occurring cobalamins are present in alpha 
and beta globulin components and that these 
components may also_ bind additional 
amounts of cobalamins, presumably vit. By», 
to a maximum of about 0.05 mug/mg of N. 


The position of bound labeled vit. By. and 
Bj.» in bovine serum was determined by sub- 
jecting to paper electrophoresis exhaustively 
dialyze1 serum-cobalamin mixtures, and 
measuring radioactivity of the separate pro- 
tein components(10). Serum used in this 
study was found to retain 4.3 mug vit. Bio» 
or 0.092 mpg vit. Bi2/mg of N, after exhaus- 
tive dialysis. Results presented in Table II 
indicate that all fractions of serum partici- 
pated in binding of vit. Bi2), whereas only 
beta and gamma globulin components bound 
vit. Byo. 
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TABLE II. Position of Bound Co®-Cobalamins in 
Bovine Serum Fractions Obtained by Paper Elec- 


trophoresis. 
-——— Percent of activity ——\ 
B- —_-y-glob- 
Preparation Albumin ulins 
Serum + Co-Bys, i 28 20 45 
a eSB 5 0 0 82 18 


An entirely different situation was encoun- 
tered in studying reaction of cobalamins with 
swine gastric mucosal extract. This extract 
consisted of water soluble, 50% alcohol in- 
soluble, nondialyzable components of Ventri- 
culin (Parke-Davis). As shown in Tables I 
and III, this preparation bound rather large 
and equal amounts of vit. By. or Bis, and 
binding of one form of vitamin was essentially 
blocked by prior excess of the other. 

The effect of pH and excess cyanide on 


TABLE III. Binding of Vit. B,. and By, by the 
Gastric Extract (GE). 


Bound labeled 
cobalamin, t 


Components* mug/mg N 
GE + Co-B,. 350 
GE + excess B,, + Co®-Byt 0 
GE + Co” Bio, 350 
GE + excess By + Co®-Byoyt 15 


* Preparations contained 0.013 mg N/ml, 7.6 mug 
labeled cobalamin/ml, and 2 wg nonlabeled cobala- 
min/ml, in 0.2 M phosphate buffer of pH 6.6. 

+ Sensitivity ca. 10 mug cobalamin/mg N. 

{ Gastrie extract and nonlabeled cobalamin al- 
lowed to react before adding labeled cobalamin. 


TABLE IV. Effect of Hydrogen Ion Concentra- 
tion and Excess Cyanide on Binding of Vitamin 
By by Gastric Extract. 


Bound vit. By, mug/mg N 


pH* No CN- Excess CN- 
2 320 == 
4 320 = 
6 330 = 
6.6 340 340 
8 320 — 
10 330 250 
10 340 250t 
10 330 200¢ 
11 220 80 
12 90 0 


* Preparations contained 0.013 mg N/ml and 7.6 
myg Co®-B,./ml in 0.2 M phosphate buffer. 

+ Gastrie extract and B,, allowed to react before 
adding cyanide. In all others, cyanide and B,, 
mixed before adding gastric extract. 

t Contained 0.4 mg NaCN per ml. All others con- 
tained 0.1 mg NaCN/ml. 
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TABLE V. Fate of Cyano-Group of Vit. By in 
the Vit. B,»-Gastrie Extract Reaction. 


Gastric H,O 


Treatment extract control 


CN removed initially by N. aeration 


In dark, mug 86 = 
Illuminated, mug 15 aa 
Idem 8 9) 
B, added in dark, pg 4.5 4.5 
(CN- equivalent, mug) (87) (87) 
CN- recovered by N, aeration 
In dark, mug 14 12 
Illuminated, mug 79 83 
By bound,* wg 3.4 — 
(CN- equivalent, mug) (66) —_ 


* Determined by the partial dialysis method. 


binding of vit. Bye by this extract is shown in 
Table IV. The reaction was essentially un- 
affected by pH changes from pH 2 to 10 
but was inhibited in more basic solution. Ex- 
cess cyanide had no effect in neutral solution, 
but exerted a progressive inhibition above pH 
10. The order of addition of excess cyanide 
and labeled vit. Bi. to gastric extract did not 
affect the magnitude of inhibition. Excess 
cyanide did not affect the dialysis rate of free 
cobalamin. These data suggest that cobala- 
min is bound to this protein through the posi- 
tion sought by the second cyano-group. 

That the cyano-group of. vit. Bio is not 
displaced by the binding reaction is indicated 
by data presented in Table V. The cyanide 
method of Boxer and Rickards(11) was used. 
Gastric mucosal extract was first freed of 
cyanide by nitrogen aeration at pH 5. La- 
beled vit. By2 was then added and cyanide 
again determined, first after aeration in the 
dark, then while being illuminated. The 
amount of vit. By. which had actually been 
bound by gastric extract was subsequently 
determined by partial dialysis. It appears 
that the first cyano-group is not displaced by 
the binding reaction, but remains in a photo- 
labile position, presumably still with the 
cobalamin structure. 

The effect of several treatments on vit. Byo- 
gastric mucosal extract reaction, as studied 
by partial dialysis, is shown in Table VI. 
The reaction was not affected by type or con- 
centration of buffer. The effect of heat was 
similar to that reported by others using bac- 
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terial assay methods(2,12,13) and indicates 
that the complex is as heat-labile as the un- 
reacted binding substance at pH 6.6. The 
report that cobalt-benzimidazole mixtures in- 
hibit the reaction(2) could not be confirmed 
by this method. The suggestion that protein 
sulfhydryl groups may be involved in binding 
was shown to be unlikely, for the reaction 
was unaffected by excess para-chloromercuri- 
benzoate. A cobalt porphyrin, reported to 
promote growth of vit. By:-requiring micro- 
organisms(14) was found to have no marked 
effect on the reaction. 


Discussion. The marked reactivity of vit. 
Bi) suggests that suitable precautions should 
be taken against photoconversion when at- 
tempting to study vit. By,2-protein reactions. 
For example, heparin and nucleic acids were 
found to bind vit. By), and not vit. Bio as 
had been reported(15). The binding or ad- 
sorption of vit. Bis,, by substances such as 
cellophane and filter paper point up difficul- 
ties involved in ascribing a physiological 
function to substances showing vit. Bj2)-bind- 
ing activity. Data presented in Tables I and 


TABLE VI. Effect of Various Treatments on 
Binding of Vit. By. by the Gastric Extract. 
Bound 
Vibbee ors 
Treatment mug/mg N 
Effect of buffer at pH 6.6 : 
No buffer 350 
.1 M phosphate 320 
2 - 330 
4 ss 330 
.2 M acetate 340 
Heating the gastri¢ extract 
60°C, 1 hr 330 
HOO Cae 180 
Heating the B,.-gastrie complex 
{DOO ab leas 330 
LOOSC 180 
Reagents Molar excess* 
CoCl, ASK Oe 320 
Benzimidazole 3 X 10° 330 
4 , CoCl, OS ASK OP SU) 
x eae eget 270 
p-Chloromercuribenzoate 1X 10! 340 
Cobalt-hematoporphyrin 1 X.105 310 


* Relative to original B,. concentration, 7.6 mug 
per ml or 5.6 X 10° M. 

t Heated at 100°C for 10 min. prior to addition 
of By. Gastric extract alone given same heat 
treatment bound 290 mug B,./mg N. 
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II suggest that binding of vit. Bia, by pro- 
teins, possibly via a cobalichrome linkage 
with histidine residues, is a rather general re- 
action involving little structural specificity of 
the proteins involved, and may therefore be 
of little physiological significance. 

The limited study of the cobalamin-gastric 
mucosal extract reaction reported here is in 
general agreement with the more extensive 
study of Gregory and Holdsworth(4) who 
used ultrafiltration to study binding of vit. 
By. by an isolated milk protein. However, 
there appears to be some discrepancy con- 
cerning the effect of excess cyanide on the re- 
action or reaction product. Gregory and 
Holdsworth observed no changes in absorp- 
tion spectrum of cyanocobalamin-milk pro- 
tein complex in presence of excess cyanide at 
pH values as high as pH 11. The data pre- 
sented here indicate that dicyanocobalamin, 
in presence of excess cyanide, does not react 
completely with gastric extract, that excess 
cyanide dissociates pre-formed cyanocobala- 
min-gastric extract complex, and that these 
reactions are dependent upon cyanide con- 
centration and pH. These results may rep- 
resent a difference in nature of the binding 
reaction by the 2 preparations, or a difference 
in molar excess of cyanide used in the two 
situations. Although there have been reports 
(16,17) that cobalamin-peptide complexes 
are split by cyanide in neutral solution, the 
possibility exists that these are cobalichrome 
type structures and thus more susceptible to 
cyanolysis. 

Summary. 1. A short-term dialysis pro- 
cedure has been developed for studying co- 
balamin-protein reactions. 2. Aquocobala- 
min (vit. B,2,) was much more reactive than 
cyanocobalamin, being bound in rather large 
amounts by several protein preparations of 
diverse origin. In several instances binding 
was increased by denaturation and decreased 
in acid media. It is suggested that this type 
of binding may occur via cobalichrome forma- 
tion. 3. A gastric mucosal extract bound 


large and equal amounts of aquocobalamin 
and cyanocobalamin, apparently at the same 
binding site. Excess cyanide has no effect 
on the cyanocobalamin-gastric extract reac- 
tion in neutral media, but exhibits an inhib- 
iting effect at high pH levels. In this reac- 
tion the cyano-group of cyanocobalamin is 
not released, but remains in a photolabile 
position. It is suggested that the cobalt atom 
participates in the reaction and that it is the 
position occupied by the substituted benzimi- 
dazole moiety that is involved. 
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Pituitary Stimulating Substance in Brain Blood of Hypophysectomized Rat 


Following Electric Shock “Stress”.*t 


(22269) 


SHAWN ScHaPiIRO, JESSIE MARMORSTON, AND HARRY SOBEL. 
Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, Calif. 


Release of ACTH following non-specific 
physiological stimuli is thought to involve the 
hypothalamus. However, the role of the 
hypothalamus in mobilization of ACTH is 
unclear. Following the ingenious  experi- 
mental work of Harris and his co-workers 
(1-3), the concept of a hypothalamic hu- 
moral mediator in release of ACTH has 
gained wide support. The work of Harris 
et al., Hume(4) and others(5-6), supports 
the thesis that areas in the posterior hypo- 
thalamus contain centers responsible for 
ACTH release. McCann and Sydnor(7) em- 
phasize importance of anterior hypothalamus 
and suggest that pitressin, synthesized in this 
area(8), stimulates ACTH production fol- 
lowing stress. The possible role of pitressin 
in stimulating release of ACTH has been em- 
phasized by our work(9). However, Saffran 
et al.(10) reported that a contaminant of 
pitressin, but not pitressin itself, will cause 
ACTH release in vitro. 

A minority of investigators, chiefly Vaz- 
quez-Lopez(11), believe that nerve fibers 
coursing in the hypothalamic-hypophyseal 
tract may serve to increase ACTH release by 
the anterior pituitary. To determine if a 
humoral substance is released from the hypo- 
thalamus following stress, the following ex- 
periment was devised: Venous brain blood of 
stressed hypophysectomized rat (donor ani- 
mal) was administered into recipient animal 
in which endogenous mobilization of ACTH 
was impaired by electrolytic lesions placed in 
the hypothalamus (Fig. 1). 

Methods. Hypophysectomy: Adult rats of 
the Addis-Slonaker strain were hypophysecto- 


* The work described represents a portion of thesis 
submitted by Shawn Schapiro to the University of 
S. California, Los Angeles, in partial fulfillment of 
requirements for degree of Doctor of Philosophy. 

+ This project was supported by grant from the 
U. S. Public Health Service and California Founda- 
tion for Medical Research. 


mized and not used until at least 3 weeks 
later. The effect of ether anesthesia on 
eosinophils of several of these animals was 
determined. After each experiment, the sella 
was inspected with dissecting microscope for 
pituitary remnants. If found, the experiment 
was discarded. Hypothalamic lesions: Elec- 
trolytic lesions were placed in the hypothala- 
mus by the Horsley-Clark stereotaxic appar- 
alus as modified for the rat by Krieg(12). 
An indifferent electrode was placed in the 
rectum. The lesion electrode consisted of 
#21 gauge hollow tubing into which an ento- 
mological pin? was soldered at one end. The 
electrode was insulated with Formvar enamel$ 
except for ‘1 mm at tip of protruding pin. A 
current of 3 ma maintained for 15-20 seconds 
was used. Bilateral lesion sites were placed 
4-7 mm anterior to intra-aural plane, 1 mm 
lateral and withdrawn 0.5-1 mm from base of 
skull. This location was generally within 1-2 
mm of Bregma. Thirty to sixty % of the ani- 
mals died within 2 days after the lesion. All 
lesioned rats surviving 3 weeks or more were 
subjected to ether anesthesia, found by Syd- 
nor ef al.(13) and Sayers e¢ al.(14) to pro- 
duce a stress reaction in rats as measured by 
increase in serum ACTH. Changes in level 
of circulating eosinophils were determined. 
Any rat having a decrease in eosinophils > 
20% was discarded as this indicated ability 
of lesioned rat to mobilize ACTH following 
stress was undisturbed. About 70% of 
lesioned rats were thus discarded. The re- 
maining rats were used for experimental pur- 
poses. In addition, intact and adrenalecto- 
mized rats were exposed to ether and changes 
in eosinophils determined. 


Experimental Procedure. Electric shock 


t No. A-80; Size 1—Clay Adams Co., New York. 

§ We wish to thank Mr. A. E. McCotter of Division 
of General Electric, Schenectady, for generously sup- 
plying Formvar enamel No. 9825 and thinner No. 
9415. 
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HYPOPHYSECTOMIZED 
DONOR 


FIG. 1. Schematic representation of experimental design. 
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PITUITARY 
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HYPOTHALAMIC LESIONED 
RECIPIENT 
The hypophysectomized rat is 


shocked with electricity and its venous brain blood collected in a syringe. This, blood is in- 

jected intra-arterially into the hypothalamic lesioned rat. The dotted arrow represents a pre- 

sumed secretion of the ‘‘ Hypothalamie Hormone(s)’’ in response to the shock. Circles with X 
through them indicate removal of the designated areas. 


stress was selected, for this could be controlled 
as to duration and intensity. An Ene-volt 
transformer! was employed. One lead was 
connected to each front foot and a current of 
approximately 24 volts administered at 3 per 
second for 2 minutes; 15 seconds on—S sec- 
onds off. This constituted a severe stress, for 
the rats would struggle and convulse. 

The experimental design is shown schemat- 
ically in Fig. 1. At 9:00 A.M. a hypophysec- 
tomized donor rat was anesthetized with ether. 
The posterior facial vein (PF vein)** on 
one side was cannulated peripherally. The 
opposite PF vein was isolated and 0.2 cc hep- 
arin injected intravenously. The rat was 
maintained under light anesthesia for 60-90 
minutes, then ether was withdrawn. Now the 
lesioned rat was anesthetized with ether and 
a blood sample immediately taken from free- 
flowing tail blood for eosinophil determina- 
tions. One carotid artery was cannulated 
peripherally; electric shock stress was then 
administered to the hypophysectomized donor 
rat. The isolated PF vein was ligated and 
about 2 cc of blood was withdrawn, during a 


4 Correl & Correl, Chicago Heights, IIl. 

** Dr. H. Hoagland(16), has shown that 70-80% 
of venous brain blood of the rat leaves the head via 
this vein. 


2-3 minute period, from the cannula in the 
contralateral PF vein. This blood was im- 
mediately injected into the lesioned recipient 
by means of the carotid cannula. . Generally 
<15 minutes elapsed between anesthetizing 
the lesioned rat and injection of blood from 
the hypophysectomized rat. Eosinophils in 
the lesioned rat were then counted 30 minutes 
and 4 hours after injection of brain blood 
from the hypophysectomized rat. They were 
stained with propylene glycol-phloxine so- 
lution(15) and plated on a Fuchs-Rosenthal 
counting chamber. Four chambers were 
counted under low power. There was no 
evidence of blood incompatibility as deter- 
mined by mixing 2 drops of blood from 
both donor and recipient animals. 


Controls. Hypophysectomized rats were an- 
esthetized with ether and the posterior facial 
vein was cannulated as described above. 
After 90 minutes; blood was withdrawn into 
the cannula and injected into the carotid ar- 
tery of the same lesioned rats, which had re- 
ceived, or were subsequently to receive blood 
from ‘‘stressed”’tt hypophysectomized rats. 


+t Hypophysectomized rats shocked with electricity 
are hereafter referred to as “stressed” hypophysecto- 
mized rats. 
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TABLE I. Changes in Circulating Eosinophils in 
Rats 4 Hr after Exposure to Ether. 


(10) (8) (6) (6) 
Hypophysee- Adrenal- 
Normal  Lesioned tomized ectomized 
Ss 11,210, » a= 4-43 716 
= =o) = se 
"2, +13 
a 4y SE 90%a 15 <8 
5 —35 +83 —25 +17 
oo 554 19, 13. 
-4 —69 +18 —22 — 8 
Se =50 46 ahh Si0 
Sl) ike 
53) 6-14 
s —38 
i —55 


*(—) % deerease; (—-) % increase. 


Injection of blood from “unstressed”?? hypo- 
physectomized rats occurred either a week be- 
fore or after injection of brain blood from 
“stressed” hypophysectomized rats. Brain 
blood from “stressed”? hypophysectomized 
rats was injected into adrenalectomized rats 
and hypophysectomized rats prepared as in- 
dicated above for the lesioned rat. 

Results. Effect of ether stress on circulat- 
ing eosinophils. Eosinophil changes occur- 
ring in 10 normal rats following exposure to 
ether are shown in Table I. A marked de- 
crease occurred in each animal. This eosino- 
penia did not develop in 6 hypophysectomized 
rats exposed to ether, nor in 6 adrenalecto- 
mized rats similarly treated. This indicates 
that eosinopenia, following exposure to ether 
anesthesia, depends upon an intact pituitary- 
adrenal axis. In 8 lesioned rats anesthetized 
with ether eosinopenia also did not occur 
(Table I). Thus, it appears that a func- 
tional hypothalamic-pituitary-adrenal axis is 
necessary for the eosinopenic effect of ether. 
Several rats cited above were tested more 
than once for their response to ether. 


Injection of brain blood from “stressed” 
and “unstressed” hypophysectomized rats 
into lesioned rats. The 8 lesioned rats which 
indicated no eosinopenia, following ether 
(Table I), were injected with brain blood 
from ‘‘stressed” and “unstressed” hypophy- 


++ Hypophysectomized rats not shocked with elec- 
tricity are referred to as -“unstressed” hypophysecto- 
mized rats. 
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sectomized rats. Changes in eosinophils are 
shown in Fig. 2. Lesioned rat #1 received 
blood from 2 different “stressed” hypophysec- 
tomized rats twice during 2 weeks, while the 
other lesioned rats received one injection of 
brain blood from a “stressed” hypophysecto- 
mized rat, and one injection of brain blood 
from an “unstressed”’ hypophysectomized rat. 
Thus, each rat served as its own control. The 
decrease in eosinophils in lesioned rats fol- 
lowing injection of brain blood from “stressed” 
hypophysectomized rats was 65-90%. Fol- 
lowing injection of brain blood from un- 
stressed hypophysectomized rats into these 
same lesioned rats, the decrease was gener- 
ally 25-35%; in one animal, eosinophils ac- 
tually increased. In each case, regardless of 
whether the lesioned rat received “stressed” 
or “unstressed” blood, the 30 minute count 
was higher than the initial count. 


Injection of brain blood from “stressed” 
hypophysectomized rats into adrenalecto- 
mized rats and hypophysectomized rats. This 
procedure was undertaken to determine 
whether eosinopenia following injection of 
brain blood from “‘stressed’”? hypophysecto- 
mized rats, was mediated by the adrenal-pitui- 
tary axis. In 4 adrenalectomized rats injec- 
tion of brain blood from ‘‘stressed”’ hypophy- 
sectomized rats caused a decrease in eosino- 
phils of only 15%, 1%, 19% and 11%. In4 
hypophysectomized rats into which brain 
blood from “stressed” hypophysectomized rats 
was injected, there was a decrease in eosino- 
phils of 26%, + 27%, 23% and 4%. 

Location of lesion sites. The brain was 
fixed in 10% formalin and several weeks 
later, sectioned through the hypothalamic 
area and stained in hematoxylin and eosin. 
Lesions were of massive nature, as intended, 
for we desired to block mobilization of ACTH 
without regard to minute hypothalamic areas. 
In 4 rats in which lesion sites were deter- 
mined, the following areas were involved: S$ 
Rat #1 posterior hypothalamus including 
mammillary bodies, tuber cinereum and mam- 
milothalamic tract. Rat #2 posterior hypo- 
thalamus including mammillary bodies, pitui- 


§§ We wish to thank Dr. John D. Green for 
localizing the lesion sites. 
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tary stalk, supraoptic and ventral hypothala- 
mus. Rat #3 ventral hypothalamus including 
tuber cinereum; ventromedial nucleus and 
dorsomedial nucleus. Rat #4 posterior hypo- 
thalamus including tuber cinereum and mam- 
millary bodies. 

The location of massive lesions which 
blocked ACTH release, as measured by eosin- 
openia, were in the posterior and ventral hy- 
pothalamus and included mammillary bodies 
and tuber cinereum. McCann and Sydnor 
(7) observed that only anterior hypothalamic 
lesions, which destroyed the median eminence, 
blocked adrenal ascorbic acid depletion fol- 
lowing laparotomy and subcutaneous epine- 
phrine. Our lesion sites are in general agree- 
ment with Harris(1-3), Hume(4), Slusher & 
Roberts(6), and Porter(5), who similarly 
found areas in posterior hypothalamus re- 
sponsible for ACTH mobilization. None of 
our lesioned rats demonstrated marked dia- 
betes insipidus although daily water consump- 
tion records exceeded that of normal controls. 

Discussion. Our data indicate that venous 
brain blood of ‘‘stressed”” hypophysectomized 
rats will induce eosinopenia when injected 
into rats bearing hypothalamic lesions. This 
eosinopenia depends upon presence of intact 
pituitary-adrenal axis in recipient animal. 
Eosinopenia did not occur when brain blood 
from ‘unstressed’ hypophysectomized rats 


was injected into these same lesioned rats. 
The assumption therefore appears justified 
that following “stress,” brain blood of hypo- 
physectomized animal contains a pituitary 
stimulating substance(s). These observa- 
tions are compatible with the hypothesis of 
hypothalamic humoral control over ACTH 
secretion, and point to hypothalamus as the 
most probable site of hypophysiotropic prin- 
ciple demonstrated here. The demonstration 
that eosinopenia occurs only if pituitary and 
adrenal glands are present in recipient ani- 
mal, further suggests that brain blood from 
“stressed” hypophysectomized rats exerts an 
eosinopenic effect via pituitary-adrenal axis, 
and has little, if any, direct effect upon level 
of circulating eosinophils. 

The level of circulating eosinophils has 
been used by many workers investigating 
functional integrity of the hypothalamic- 
pituitary-adrenal axis(1,4,5). In some cases, 
however, eosinopenia may develop in adren- 
alectomized animals(17-18), following lapar- 
otomy and other severe stresses, although 
most investigators have found that this is not 
the case. We did not notice eosinopenia in 
adrenalectomized or hypophysectomized rats 
exposed to ether stress and minor neck sur- 
gery, nor did it occur in our rats with hypo- 
thalamic lesions. Thus under our conditions, 
eosinopenia depends upon intact hypothala- 
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mic-pituitary-adrenal axis. 

Summary. Brain blood from “stressed” 
and “unstressed” hypophysectomized rats 
was injected into rats bearing hypothalamic 
lesions, and also into hypophysectomized and 
adrenalectomized rats. When brain blood 
from stressed hypophysectomized rats was 
injected into lesioned rats, a marked eosino- 
penia occurred; this did not occur when un- 
stressed brain blood was injected into those 
same lesioned rats. This eosinopenia de- 
pended upon the presence of an intact pitui- 
tary-adrenal axis. 
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Effects of Vitamin E, N,N!-Diphenyl-Para-Phenylene Diamine, and Fish 


Liver Oil on Reproduction in Turkeys.*t 


(22270) 


Leo S. JENSEN, J. S. CARVER, AND JAMES McGINNIS. 
Department of Poultry Science, State College of Washington, Pullman. 


A deficiency of vit. E has recently been re- 
ported in turkey breeder hens fed practical 
rations(1,2). The lenses of the eyes of em- 
bryos from the eggs laid by hens fed diets de- 
ficient in vit. E were cloudy in the central 
portion(3). In vit. E studies with chicks, 
Singsen et al.(4) found that the unsaturated 
fat level of the diet markedly influenced the 
development of encephalomalacia and that 
the antioxidant N, N! diphenyl-para-pheny- 


* The authors wish to thank Mr. Hugh A. Risley, 
Distillation Products Industries, Rochester, N. Y., for 
determining tocopherol content of eggs in this study. 
The alpha tocopheryl acetate was supplied by Distil- 
lation Products Industries. The DPPD was sup- 
plied by B. F. Goodrich Chemical Co. 

t Scientific Paper No. 1463 Washington Agric. 
Exper. Stations, Pullman. Project No. 715. 


lene diamine (DPPD) was about as effective 
as vit. E in preventing the disease. The ef- 
fects of DPPD, fish liver oil and alpha toco- 
pheryl acetate on the reproductive _per- 
formance of turkeys are reported herein. 
Procedure. Broad Breasted Bronze turkey 
hens were distributed into 12 pens of 11 hens 
each. These birds had been fed a practical 
diet during the growing period and were 
reared on range. A basal diet of the follow- 
ing percentage composition was used: 66 
ground corn, 18 soybean oil meal, 2.5 dehy- 
drated alfalfa, 3 herring fish meal, 3 dried 
whey, 3.7 limestone, 3.5 steamed bone meal, 
0.3 iodized salt, 0.0125 manganese sulfate 
and a vitamin mix supplying 680 I.C.U. vit. 
D, 1135 LU. vit. A, 1 mg riboflavin, 6.2 mg 
pantothenic acid and 2.5 mg vit. By> per lb of 
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TABLE I. Effect of Vit. E, Fish Liver Oil and DPPD on Reproductive Performance of Broad 
Breasted Bronze Turkeys and upon Tocopherol Content of the Yolks. 


% embryonic mortality G% hatch. Total 
Supplement Pen % -— ~ fertile tocopherol, 
to basal No. fertility 1-24 days 25-28days Pips eggs pe /g yolk 
None 33 56.9 life 14.3 7.4 70.6 32.2 
39 Meyer 8.7 12.7 12.7 62.2 31.3 
Avg 66.5 8.3 13.4 10.3 66.0 31.8 
Vit. E 36 85.2 4.7 8.0 13.7 74.6 74,2 
41 78.5 5.8 7.9 We2 79.5 71.2 
Avg 81.8 5.2 KE 9.9 Ufo 72.7 
Pollack liver 35 67.2 15.3 44,5 9.6 30.6 i Wet 
oil (PLO) aye 52.2 ifell 36.3 8.8 47.8 17.8 
Avg 58.6 11.5 41.2 9.2 38.6 17.4 
PLO + Vit. E 34 75.8 9.8 7.5 5.6 77.0 27.1 
42 80.8 5.4 9.0 9.7 76.0 16.0 
Avg fo) teil 8.2 7.5 76.5 23.0 
PLO + DPPD 31 73.7 7.3 13.7 tell 71.4 16.5 
38 72.8 3.3 13.3 7.2 76.3 Ii 
Avg 73.2 5.1 13.5 7.4 74.0 18.0 
PLO + DPPD 32 68.2 3.9 Te) 6.2 82.0 24.6 
+ Vit. E 40 70.2 9.3 6.9 5.8 78.0 23.7 
Avg 69.2 7.2 7.2 6.0 79.5 24.3 


feed. Duplicate lots were fed the basal diet 
and the basal diet supplemented with 20 
I. U./lb alpha tocopheryl acetate, 2% pollack 
liver oil, 2% pollack liver oil plus 20 I.U./lb 
alpha tocophery] acetate, 2% pollack liver oil 
plus 0.025% DPPD and 2% pollack liver oil 
plus 20 I.U./lb alpha tocopheryl acetate. 
During the first 9 weeks of the experiment, 
Broad Breasted Bronze toms were maintained 
in a separate pen. Semen was collected from 
these toms and pooled for artificial insemina- 
tion of the hens. During the last 12 weeks of 
the experiment, one tom was placed in each 
pen and the toms were rotated weekly. All 
eggs laid were stored at approximately 55°F 
and incubated every 2 weeks. The eggs were 
candled on the 7th and 24th day of incuba- 
tion to determine infertile eggs and eggs con- 
taining dead embryos. The experiment was 
conducted for a period of 21 weeks. During 
the latter part of the experiment, a sample of 
6 eggs from each pen was analyzed for total 
tocopherol content. 

Results. The results of this experiment are 
presented in Table I. The data on fertility 
are based only on eggs laid by the hens after 
they were naturally mated. These results sug- 
gest that natural diets such as used may be 


deficient in vit. E to the extent of causing 
reduced fertility of eggs. The addition of 
alpha tocopherol acetate to both the unsup- 
plemented basal diet and to the basal diet 
containing 2% fish liver oil increased the per- 
centage of fertile eggs. In results with tur- 
keys reported by other investigators(1,2) 
fertility was not affected by a vit. E de- 
ficiency. Singsen e¢ al.(5), however, obtained 
evidence suggesting an improvement in fer- 
tility in chickens by addition of vit. E to the 
breeder ration. It should be mentioned that 
fertility in the experiment being reported was 
determined only by candling. It is possible 
that some of the eggs classified as infertile 
may have contained embryos that died at a 
very early stage. 

Addition of vit. E to the basal diet in- 
creased hatchability of fertile eggs. When 
2% fish oil was added to the basal diet, 
hatchability of fertile eggs decreased from 66 
to 39%. The addition of vit. E or DPPD or 
a combination of the two in the presence of 
fish oil markedly improved hatchability. 
These results show that the presence of an 
unsaturated oil in the diet greatly accentu- 
ated the deficiency of vit. E. The results 
also show that both vit. E and DPPD act to 
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counteract the deleterious effect of unsatur- 
ated oil on hatchability. An examination of 
the data on time of embryonic mortality 
shows that there was very little difference in 
the percentage of embryos dying from 1 to 24 
days among the various treatments. In the 
case of embryos dying during the 25-to-28- 
day period, however, there was a marked dif- 
ference. When fish liver oil was added to the 
basal diet embryonic mortality during this 
period greatly increased. In all cases where 
vit. E was added to the diets embryonic mor- 
tality during this period averaged about 8%. 
In the unsupplemented basal treatment and 
in the treatment with fish oil and DPPD 
alone, mortality during this period averaged 
about 13.5%. In previous reports by Jensen 
(1) and Atkinson et al.(2), the major dif- 
ference between vit. E deficient and vit. E 
supplemented lots was in the embryonic mor- 
tality from the 25th to the 28th day of in- 
cubation. The fact that DPPD alone did not 
reduce the embryonic mortality during this 
period to a level equivalent to vit. E supple- 
mentation would suggest that the antioxidant 
was not completely effective in bringing about 
maximum hatchability. This may have been 
due to an inadequate level of the antioxidant. 
It is also possible that the antioxidant was 
only capable of protecting the vit. E natur- 
ally present in the basal diet. If this is the 
case, one would not expect the results with 
the antioxidant to be any better than those 
with the unsupplemented basal diet. 


The analysis of egg yolks from the various 
treatments showed that alpha tocopheryl ace- 
tate added to the unsupplemented basal diet 
gave a marked increase in total tocopherol 
content of yolks of eggs laid by these hens. 
The addition of pollack liver oil to the basal 
diet caused a marked reduction in tocopherol 
content of the yolks. The addition of vit. E, 
DPPD, or a combination of the two with fish 
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liver oil slightly increased the tocopherol con- 
tent of the yolks, but did not bring it back 
to the level of the unsupplemented basal diet. 
This was surprising, since the hatchability of 
these eggs from hens supplemented with vit. 
E was as high as eggs from hens fed the basal 
diet plus vit. E without fish oil and was higher 
than eggs from hens fed the unsupplemented 
basal diet. The results suggest that vit. E 
and DPPD may be protecting some other un- 
known nutrient or metabolite which is essen- 
tial for reproduction in the turkey. Bunnell 
et al.(6) proposed that the protective action 
of DPPD against encephalomalacia in chicks 
might be due to a stimulating effect on the 
metabolism of the unsaturated fats rather 
than a purely vit. E protective action. 


Summary. Fish liver oil added to the diet 
greatly accentuated a deficiency of vit. E in 
turkey breeders. A reduction in fertility due 
to a vit. E deficiency was suggested. Both 
alpha tocepheryl acetate and DPPD counter- 
acted the deleterious effect of fish oil on 
hatchability. With fish oil in the diet, toco- 
pherol levels of the yolks of eggs were not ap- 
preciably increased by either vit. E or DPPD 
even though hatchability was near maximum. 
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Several investigators have studied serial 
propagation of normal cells in tissue culture, 
particularly in the last 3 years, partly be- 
cause of need for a substitute for fresh mon- 
key kidney cells in mass production of polio- 
myelitis vaccine. Many other uses can be 
envisaged. Chang(1,2) accomplished this 
and 2 cell lines established by him from pre- 
sumably normal human tissues were received 
in this laboratory early in 1955. This com- 
munication describes our experience in serial 
subcultivation of those 2 cell lines to deter- 
mine their adaptability to various laboratory 
technics or use in diagnostic and investiga- 
tive studies. Data are presented on media 
requirements, growth in various culture ves- 
sels, preservation at reduced temperatures, 
lyophilization, adaptation to growth in non- 
human sera, and treatment of contaminated 
cultures. The use of these cells for propaga- 
tion of various viruses will be presented later. 

Materials. Cell lines. Human conjunc- 
tiva had been originally removed from the 
bulbar conjunctiva of a child at strabismus 
operation, Feb. 17, 1954. The tissue was 
then considered nonmalignant. When re- 
ceived in this laboratory Feb. 3, 1955 it was 
in the 37th serial tissue culture passage. The 
human kidney had been removed from a hy- 
drocephalic child at the time of subarachnoid 
ureteral anastomosis on 5-12-54. The kidney 
was then considered normal on gross exam- 
ination. When received in this laboratory on 
2-3-54, the cell line was in the 25th 
serial tissue culture passage. Media. Human, 
horse, calf, monkey, rabbit, and chicken sera 
were used in these experiments. Solution 199 
(3) and Hank’s balanced salt solution were 
prepared in the usual way. Eagle’s medium 
(EM) (4) was prepared in 1x concentration 
and neutralized with 4.4% sodium bicarbon- 
ate prior to use. Soybean trypsin inhibitor 
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was prepared in a 1% stock solution in 
Hank’s balanced salt solution. Trypsin (Dif- 
co 1:250) was prepared in a 0.125% solution 
in phosphate buffer solution (pH 7.6). The 
above solutions were sterilized by sintered 
glass filtration. Chick embryo extract was 
prepared fresh weekly from 9 day viable em- 
bryos. The standard medium for cultivation © 
of cells was Chang’s basic medium (CM), 2.e., 
20% human serum, 5% chick embryo ex- 
tract, 75% balanced salt solution, and 
0.001% crystalline soybean trypsin inhibitor. 
Antibiotics were added to a final concentra- 
tion of 100 units per ml of penicillin, 100 yg 
of streptomycin, and 25 yg of nystatin. 


Results. The 2 cell strains received were 
cultivated in 3 basic media to which were 
added varying percentages of human or ani- 
mal sera. No difficulty was encountered in 
growing these cells. To evaluate quantita- 


tively ability of these media and sera to sup- 


port proliferation of the 2 cell strains, the 
cell count method described by investigators 
(2,5-8) was modified to fit our needs, viz., 
preparation of standard cell suspension for 
inoculation by trypsinizing the cells growing 
in a milk dilution bottle culture. Total viable 
cells were enumerated by inclusion of 1: 50000 
neutral red in the trypsin, dispersing cells by 
gentle agitation and counting in a hemocy- 
tometer. Trypsin was removed after centri- 
fugation at 1000 rpm for 10 minutes in Inter- 
national No. 1 centrifuge. The sedimented 
cells were resuspended in balanced salt solu- 
tion and homogenously dispersed by a mag- 
netic stirrer. Replicate roller tubes were in- 
oculated with equal number of cells contained 
in 0.25 ml of suspension using automatic 
syringe and 4 tube cultures were fed with 
each medium. Replicate cultures were incu- 
bated at 37°C and refed with the same me- 
dium after 4 days. After 7 days incubation 
cells from replicate tubes were removed by 
trypsin containing 1:50000 neutral red, 
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TABLE I. Effect of Animal Sera on Proliferation 
of Human Conjunctiva Cells Cultivated in Chang’s 
Medium plus 20% Serum. 


Avg No. Prolifera- 
cells per tion index 
Serun tube X 10? (7 days) 
Horse 1 Ops 0 
2 Ot 0 
3 49 7.4 
+ 41 6.2 
Calf 1 47 ol! 
Rabbit 1 6.7 1.0 
2 Ie 2.6 
Sheep 1 14 Pap 
Chick 21 3.1 
Control 77 11.6 


(human #20) 


* Tnoculum/tube — 6.6 X 10? cells of Passage C:;;. 
+0 indicates that all original cells inoculated 
into tubes were degenerated or lysed. 


pooled, dispersed, and enumerated. Two 
separate cell counts were done for each pool 
of 4 cultures. A standard human serum was 
included in each test for comparison. Hu- 
man sera from 38 separate donors were em- 
ployed. Because of Chang’s early experience 
(1) that 1 out of 5 human sera were toxic 
for conjunctiva cells and 2 out of 5 sup- 
ported multiplication slowly, great pains were 
taken by us to collect these various sera care- 
fully and in large quantity so that if a good 
serum was obtained enough would be on hand 
to carry the cells for a number of passages. 

Only 2 of the 38 sera proved to be toxic 
for the tissue culture cells; both were toxic to 
both conjunctiva and kidney cells. Toxicity 
consisted of rounding and clumping of cells. 
All other sera were non-toxic and maintained 
both cell strains in normal morphologic state 
of clear epithelial-like sheets. 

Sera trom different donors varied greatly in 
ability to support cellular multiplication. 
The proliferation index (number of cells at 
end of 7 days — number of cells inoculated) 
varied from 3.4 to 9 for conjunctiva and from 
2.3 to 18.2 for kidney cells when different hu- 
man sera were employed in Chang’s medium. 
Sera from various animals varied in ability to 
support multiplication of conjunctiva cells 
when substituted for human sera in CM 
(Table I). Horse and calf sera seemed super- 
ior to rabbit, sheep, and chick sera tested but 
were not as good as human serum control. 
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Two of the 4 horse sera tested were toxic. 
Multiplication of conjunctiva and kidney 
cells when cultivated in CM, EM, and 199 
media with added human, horse, or calf serum 
in 10 and 20% concentrations is shown in 
Tables II and III. These data indicate that 
both cell types multiplied faster in media with 
20% serum than with 10% serum. Conjunc- 
tiva cells multiplied fastest in solution 199, 
CM and EM in that order. EM with human 
serum supported good growth but with horse 
or calf serum it was clearly inferior. Kidney 
cells responded in a similar manner. Begin- 
ning June 1955 efforts were made to adapt 
both cell lines to media containing horse and 
calf serum and no human serum. The adap- 
tation was easily accomplished and conjunc- 
tiva have been carried since 6-24-55 for 18 
serial passages from Cs to Ces in both 20% 
horse or calf serum in EM and 199 solution. 
Kidney cells have been serially subcultivated 


TABLE II. Effect of Serum Concentration on Pro- 

liferation of Human Conjunctiva Cells Cultivated 

in Chang’s, Eagle’s, or 199 Medium with Added 
Human, Horse or Calf Serum. 


Prolifera- 

Avg No. cells tion index 
per tube < 10? (7 days) 

10% 20% 

Media serum serum 10% 20% 

Chang’s + human 42* 54 7.0 9. 
serum (21) 

Eagle’s human (21) 31 55 5.1 2. 

” horse 10 26 1.6 4.3 

oo ealf 12 Ai 2.0 1.8 
199 horse 16 66 Py alae 
199 ealf 27 66 4 Oe elle 


* Inoculum/tube = 6 X 10* cells of Passage Cyg. 


TABLE III. Effect of Serum Concentration on 

Proliferation of Human Kidney Cells Cultivated 

in Chang’s, Eagle’s, or 199 Medium with Added 
Human, Horse or Calf Serum. 


Prolifera- 
Avg No. cells tion index 
per tube X 10? (7 days) 
10% 20% 
Media serum serum 10% 20% 

Chang’s + human SK 60 One 
serum (23) 

Eagle’s human (23) 7 16 1.4 3.2 
” horse 4 2 28 OO 
 aogike itl 4.4 .22 .88 

199 horse 20 42 4.0 8.4 

199 calf 24 64 4.8 12.8 


* Inoculum/tube = 5 X 108 eells of Passage K,.. 
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TABLE IV. Total Cell Yield in Various Culture 
Vessels Inoculated with Hither Human Conjune- 
tiva or Kidney Cells. 


Range of cell pop- 
ulation after 7 


Volof days cultivation 
Vessel media (human or horse 
(vol, ml) (a1) serum) (X 1000) 
Roller tube (18) i 26to 182 
Milk dilution bottle 10 250 to 3150 
(230) 
Blake bottle (1000) 50 i600 to 5800 
Povitsky bottle 250-500 10000 to 30733 
(5000) 


in these 4 media since 7-15-55 for 14 serial 
passages from K,4,; to K;;. 

The 2 cell lines have been cultivated in 
microscopic glass chambers and hanging drop 
preparation for direct microscopy; roller 
tubes, milk dilution bottles, Blake bottles, 
and Povitsky bottles. In each type of cul- 
ture vessel the range of cell population after 
approximately 7 days cultivation is shown in 
Table IV. Both types of tissue may be main- 
tained in good morphologic condition for 2-3 
weeks at 37°C by refeeding cultures twice 
weekly. For maintenance of conjunctiva cell 
cultures at a reduced metabolic rate they 
have been stored at 32°C, at 5°C, and at 
—70°C. Kidney cell cultures have been main- 
fainedratwe22@ and 5>.C. VAT, 32--C cultures 
were stored with the usual volume of nutrient 
media and refed once weekly. At this tem- 
perature cultures maintained their usual mor- 
phologic state for 4-5 weeks. At 5°C they 
were stored with only a thin layer of nutrient 
media for 2 months. Conjunctiva roller tube 
cultures were quick frozen in acetone-CO, 
bath after removal of supernatant fluid, 
stored 2 days and revived upon feeding and 
incubation at 37°C. Eleven such conjunc- 
tiva tubes were lyophilized and stored at 
room temperature for one day. When they 
were refed and incubated at 37°C for 5 
weeks with medium change once a week, 3 of 
the 11 cultures revived and formed sheets of 
new cells. 

Centrifugally sedimented conjunctiva cells 
without added fluid were alternately quick 
frozen and thawed 10 times. When tested 
for viability, 1 of 4 cultures grew a sheet of 
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cells in 7 days. When kidney cells were sus- 
pended in EM plus 20% horse serum in con- 
centration of 1000000 cells/ml and _ then 
frozen and thawed 10 times, no viable cells 
were noted upon subsequent cultivation. 


Non-viable cell extracts of both conjunc- 
tiva and kidney cells were prepared by this 
latter method. These were each injected into 
monkey kidney tissue cultures, 10 embry- 
onated eggs, 4 rabbits, 4 guinea pigs and 10 
mice to note presence of herpes virus simiae, 
lymphocytic choriomeningitis virus, tubercle 
bacilli, bacteria or any orphan virus which 
would manifest itself in these tests. No’ 
agents were found in either cell line by any 
of these tests. 


Contamination of a batch of monkey tis- 
sue cultures is disappointing but economically 
not too serious because they can be discarded 
and duplicated within a week by setting up 
new tubes with fresh monkey kidney. How- 
ever, bacterial or mold contamination is a se- 
vere threat to an established strain of cells 
which may have taken months to establish in 
serial tissue culture. To overcome this, we 
have applied the principles used in clinical 
medicine. The tissue culture fluid is streaked 
on agar plates and antibiotic discs added. 
The antibiotic of choice is added to tissue 
culture medium for several passages. Cul- 
tures contaminated with molds or yeasts have 
been successfully treated by adding 50 pg 
of nystatin for several passages. 

To note the virus yield from poliomyelitis 
stool specimens inoculated into tissue cultures 
of conjunctiva cells as compared to tissue 
cultures of monkey kidney cells, 2 stool speci- 
mens from poliomyelitis patients were inocu- 
lated into 3 roller tube cultures each of con- 
junctiva and monkey kidney. Cytopatho- 
genicity occurred after 1 day in monkey kid- 
ney cultures and after 2 days in conjunctiva 
cultures. After 5 days, supernates from each 
cell type were pooled and typed with specific 
antisera and titrated in monkey kidney cells 
to determine the virus titer in the fluids. The 
poliovirus isolated was Type I in stool A 
and the virus titer in the 5-day supernate 
from monkey kidney cells was 10°? per ml 
as compared to 10°%4! per ml from conjunc- 


TIssuE CULTURE OF HUMAN CELLS 


392 


7 


TISSUE CULTURE OF HUMAN CELLS 


309 


FIG. 1. Conjunctiva cells, 2 days after subcultivation showing islands of flat monolayer 


Vee cells. Unstained. X 220. 
2 


IG. 2. Conjunctiva cells, 10 days after subcultivation showing thick sheet of cells with 


some clumping. Unstained. x 190. 


FIG. 3. Kidney cells, 2 days after subcultivation showing islands of cells. 


x 220. 


Unstained. 


FIG. 4. Kidney cells, 7 days after subcultivation showing thick sheet of cells. Individual 
cell borders are indistinct because of light diffraction by underlying cells. Unstained. X 190. 
aes 5-8. Conjunctiva cells, 2 days after subcultivation, showing cellular and nuclear de- 
tail. Magnification x 100, 250, 400, and 1000, respectively. Osmic acid fixation, toluidine blue 


stain. 


tiva cells. The virus isolated was Type II 
in stool B and the virus titer in the 5th day 
supernate from monkey kidney cells was 
10°71 per ml as compared to 10°76 per ml 
from conjunctiva cells. 


Histology. The morphologic appearance 
of these 2 cell lines is shown in Plate 1. Both 
produce large epithelial-like cells with a 
nuclear cytoplasmic ratio of about 1-6. The 
cells fit together in flat monolayer sheets in 
young cultures but form thick sheets, sworls, 
and thick clumps in older cultures. There is 
remarkable uniformity of cells although oc- 
casional abnormal mitotic figures are ob- 
served and rarely a binucleate cell. Poly- 
ploidy has been observed but its significance 
cannot be interpreted in the present state of 
knowledge of how cells behave in tissue cul- 
ture. It is of interest that the microscopic 
appearance of these cells has not changed 
since the original publication by Chang(1). 

Discussion. It is believed that these cell 
lines established by Chang represent the first 
human cells derived from normal tissues and 
successfully cultivated serially im vitro over a 
prolonged period of time. As such, they offer 
a research tool of great potential usefulness 
in study of virus diseases and other problems. 

These cells can be grown in a variety of 
containers for microscopic studies or for mass 
production or chemical analysis. They thrive 
in media free from human serum and in rela- 
tively simple synthetic media. The toxicity 
of many human sera for these cells, observed 
by Chang during earlier subcultures, has not 
been observed by us, nor has it been observed 
by Chang in recent months. Presumably this 
is a reflection of a change in the cells, the na- 
ture of which is still quite obscure. The cells 
can be stored for prolonged periods at low 
temperature and some will survive freezing 


and lyophilization. Tests for presence of a 
resident virus in these cultures have been 
negative, and sublines have been maintained 
for many generations without any human 
serum added. This was done to prevent con- 
taminating cultures with a hepatitis virus or 
other human pathogenic agent(9). 

In very limited studies one of the cell lines 
appeared to be as sensitive as monkey kidney 
cells for the isolation of poliomyelitis viruses. 
If this proves to be true, they might be very 
useful for laboratory diagnosis. This is now 
being tested. Because of the ease of hand- 
ling these cells and because they are of hu- 
man origin, they should be useful in the 
search for a laboratory method to grow 
viruses which as yet have not been cultivated 
in a practical manner such as measles and 
German measles. Other diseases such as in- 
fectious mononucleosis, infectious polyneu- 
ritis, mesenteric adenitis and hepatitis may 
be explored with such cell lines. 

Since the conjunctiva and kidney cells 
grow so well in tissue culture, one might ask 
whether they have also acquired the power 
of independent growth in vivo. Studies are 
under way using the technics of Greene(10) 
of implantation in the brain and anterior 
chamber of guinea pigs, and the technics of 
Toolan(11-14) and Moore(15) of inocula- 
tion of irradiated rats. 

Summary. 1. Experience is described in 
the serial subcultivation of 2 human cell lines 
derived from conjunctiva and kidney and 
established in serial passage in vitro by Chang. 
2. Thirty-eight human sera were compared in 
their ability to support multiplication of the 
2 cell lines. Two of the sera were toxic to 
both cell lines. The remaining 36 sera were 
non-toxic but varied in their ability to sup- 
port cellular multiplication. Horse and calf 
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sera were superior to rabbit, sheep, and 
chicken sera but inferior to the human serum 
control. 3. Comparison was made of the 
multiplication of the 2 cell lines when culti- 
vated in Chang’s, Eagle’s, and 199 media 
with added human, horse, or calf serum in 
10 and 20% concentration. 4. Conjunctiva 
cells have been serially subcultivated for 18 
passages in media containing horse or calf 
serum but no human serum. Kidney cells 
have been carried for 14 passages in such 
media. 5. Conjunctiva and kidney cells sur- 
vived for varying periods when stored at 
32°C or 5°C. Some sedimented conjunctiva 
cells survived 10 freezing-thawing cycles and 
formed a sheet of cells when incubated at 
37°C. 6. Three of 11 conjunctiva cultures 
survived lyophilization and revived when re- 
incubated at 37°C for 5 weeks. No contam- 
inating bacterium or virus could be detected 
in these cell lines by the injection of non- 
viable cell extracts into tissue cultures of 
monkey kidney, embryonated eggs, rabbits, 
guinea pigs, and mice. 7. A method is de- 
scribed for the treatment of contaminated 
tissue cultures. 8. The conjunctiva cells 
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gave results comparable to monkey kidney 
cells when used for isolation of poliomyelitis 
virus from 2 stool specimens. 
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Studies in Amaurotic Family Idiocy (AFI) 
have thus far been principally concerned with 
histologic examination and biochemical analy- 
sis of brain tissue. These latter investigations 
resulted in isolation of a new cerebroside-like 
substance called a “ganglioside” and differing 
from other cerebrosides by the presence of 
neuraminic acid(1-3). In contrast to other 
lipoidoses, it is generally assumed that there 
are no characteristic serum changes in AFI. 

The present report is concerned with serial 


* Supported by grant from U. S. Public Health 
Service dealing with Protein Studies 
Diseases. 


in Chronic 


studies of the neuraminic acid, protein and 
lipid fractions in serum, and cerebrospinal 
fluid (CSF) proteins in a group of 7 children 
with infantile AFI, the diagnoses in most in- 
stances confirmed at autopsy. Similar bio- 
chemical studies of 2 children with Schilder’s 
disease and gargoylism, serving as controls, 
were also carried out. Most children in this 
survey were admitted to this institution 
shortly after clinical inception of the disease 
and remained hospitalized until after death. 
The increased longevity of some patients with 
AFI in this study(4), afforded greater oppor- 
tunity for carrying out such serial biochemical 


SERIAL BIOCHEMISTRY IN Tay-SAcHs DISEASE 


395 


TABLE I. Serum and C.S.F. Protein Data in Amaurotic Family Idiocy and Related Disorders. 
a ee eee 


Serum electrophoretic data 


: : Alpha-1,  Alpha-2, Gamma, 
Diagnosis T.P.,2% Alb. g % g % £%  Beta,g% 2% ' A/G, % 
Tay-Sachs disease, 6.80 + .35¢ 3.704 .33 504+ .09 98+.17 964.18 6524.21 1.20+ 2.10 
7p, 20 d* <A << OL : <.01 — <.01 15 
Schilder’s disease, 7.398 3.50 95 1.28 1.08 .90 
1p, 3 
Gargoylism, 1 p, 4d 7.126 3.57 95 1.25 83 1.00 
Normal subjects UPR Se BY) EMO PAY MC (Oe) aS SIbk Gas OO) TKS 0) TL BY)eS ale 
C.S.F. proteins (chemical) 
Serum 
: ; Al piiay/ Tabs, G.G./T.P., neuraminic 
Diagnosis T.P..mg% Alpha,mg % % Gamma, mg % % acid, mg % | 
Tay-Sachs disease, 41.7411.32t 59+ 94 162+ 3.11 17+ 98 49+ 2.88 89.6 + 7.10 
7p, 20 d* 10t <.01 1045 <.01 <.01 <.01 
Schilder’s disease, 51.6§ iy) 15.2 9.5 21.3 82.7 
lp,3d 
Gargoylism,1p,4d 50.86 9.5 18.7 3.4 6.6 84.4 
Normal subjects 37.5 + 5.0 8.6) se 2 18.2 + 2.2 4.0 + 1.0 9.4+ 1.8 72.9 + 7.4 
*p = patients; d = determinations. t Mean + 8.D. iden (ican, 2 hy oR 


analyses. 

Methods. (a) Serum: The procedure used 
for the electrophoretic protein determinations 
has been described(5,6). Total proteins 
were determined by biuret procedure(7) with 
frequent checks against the micro-Kjeldahl 
method. Total lipids were determined gravi- 
metrically with the Bloor(8) method; phos- 
pholipids with the modified colorimetric pro- 
cedure of Youngburg and Youngburg(9) and 
free fatty acids by the titrimetric technic of 
Kaiser and Kagan(10). Total and free chol- 
esterol values were obtained with colorimetric 
method of Zak, ef al.(11) and cholesterol es- 
ters and cholesterol ester/total cholesterol ra- 
tios were calculated from these experimental 
results. Neutral fats were calculated from 
the above data by the formula given in the 
article by Goldbloom(12). Lipase values 
were determined by the method of Goldstein, 
et al.(13) and neuraminic acid by a modifica- 
tion of the procedure described by Winzler 
(14). (b) Cerebrospinal Fluid: Total pro- 
teins were determined by a modification of 
the Weichselbaum biuret method(15). Gam- 
ma globulins were determined by quantitative 
protein flocculation-ninhydrin colorimetric 
procedure(16) and alpha globulins with a 
newly developed turbidimetric method(17) as 


modified from a previously described technic 
of Jacox(18) for serum alpha globulins. The 
simultaneous serial studies on both serum 
and CSF were generally carried out in dupli- 
cate at bi-monthly intervals for periods to 10 
months. While the derived biochemical data 
from the AFI cases were statistically analysed 
(Tables I, II) it was deemed unnecessary to 
apply such an evaluation to the two control 
cases because of insufficient number of deter- 
minations. 

Results. Previous experience with other 
neurological entities of a degenerative nature 
such as multiple sclerosis, Schilder’s disease, 
amyotrophic lateral sclerosis, etc., has shown 
consistent alterations of both the serum and 
CSF protein fractions as determined by elec- 
trophoretic and biochemical technics. The 
significance of these changes is not related 
to alterations in the individual protein frac- 
tions, but rather in the entire “protein pro- 
file’(19,20). For example, while there is a 
notable increase in CSF gamma globulin in 
multiple sclerosis, no corresponding rise in 
serum gamma globulin is evident, in contrast 
to many infectious types of disease, e.g., neu- 
rosyphilis, wherein both CSF and serum 
gamma globulin fractions rise above the anti- 
cipated normal. 


396 SeRIAL BIOCHEMISTRY IN Tay-SAcHs DISEASE 


In our series of 7 cases with AFI, a statis- 


fon 
5 2 as 1 jr tical analysis of chemical serum total protein 
Sas e Ste 2 and electrophoretically determined serum 
Ss a albumin showed significant decreases below 
= | normal levels. (Table 1). In the 2 control 
Bape |e x cases, with remotely related degenerative dis- 
Sec itis Se. H eases of CNS (Schilder’s disease and gar- 
ei au mae 3 goylism), a relatively normal total protein 
was noted, although serum albumin values 
= fs S | were somewhat decreased. Alpha-2 serum 
Beallaa og A globulin fractions were increased in AFI, in 
ee eal te 2 contrast to a marked decrease in serum 
S a 2 tea a | gamma globulin component. Alpha-1 and 
a i . beta globulin fractions did not vary signifi- 
c Z se a cantly from normal values. A rather surpris- 
i |e at ml ing finding was a normal A/G ratio in AFI, 
3 Es Hy 3 = + since it is frequently depressed in many de- 
ol | cea ies x generative diseases, irrespective of etiology. 
a ° = This is exemplified by lowering of this ratio 
is : on Sled in the case of Schilder’s disease (Table I). 
= z : re SS i B The biochemical studies on the CSF sam- 
sllad w & Z ee ples done-simultaneously with the sera, and 
call as ea ell cz employing chemical methods, showed a rela- 
Fa iF * tively normal total protein but a lowered 
Spo ualagt eal alpha globulin fraction and markedly de- 
z aoe 48 rs 4 ‘ creased gamma globulin values, as well as 
Sule SiS aa one diminished gamma globulin/total protein ra- 
1] e9 a | tios. This decrease in CSF gamma globulin 
zt baeaaae levels has not been observed in a wide variety 
Z ae \S_ 3 ~ of other progressive, and generally fatal, neu- 
SleeS Sage Yael tee rologic diseases and hence cannot be equated 
“All oo & a ae ae with debilitation alone. In most other CNS 
a a cs a | & diseases (including Schilder’s disease, gargoy- 
B|| 2 | |~ Be lism, multiple sclerosis, cerebral palsy, hemi- 
ola = | |oa _ Cao] plegia, etc.) this CSF protein component is 
4 te Hy 3 a Hy either normal or elevated(20,21). 
fe “s A a S Because of the intimate association of 
4 zy fs > meee neuraminic acid with AFI, studies of serum 
a 2 a = ze level of this complex amino acid were in- 
2's, ao awe Mae augurated. This substance has been identi- 
BS ay, S ys a Lg fied = one of the abnormal components of 
S 16 meee the ‘ganglioside’ which constitutes the 
Bs ca | ll anomalous dystrophic accumulation within 
sees es the involved neurons in AFI(1-3). A definite 
a Ug Gees elevation of neuraminic acid in our 4 cases of 
2 2 = ¢ & 2 AFI was observed. This finding is in keeping 
é aD 5 ae 3 | ps with the elevation of this substance previously 
eg a7 Bee demonstrated in cerebral parenchyma in this 
see ie day a= disease(1,22,23). Since the 2 control cases 
Rete 1: cam te also show an elevation in this component, the 
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specificity of this change in AFI as compared 
to other neurologic disorders is presently un- 
der investigation. 


Previous biochemical studies on lipoid dys- 
trophies have dealt mainly with variations in 
the lipid fractions of visceral organs(24). In 
a few of these diseases such lipid abnormality 
is also reflected in alterations of such frac- 
tions within the serum. No comparable 
changes of serum lipids have been reported 
in AFI to our knowledge. For this reason, 
biochemical studies of serum lipid partition 
within total lipids of this disease were per- 
formed (Table II). When such results were 
statistically compared to those derived from 
normal subjects of comparable age, some 
marked variations were noted. The total 
serum lipids, neutral lipids and phospholipids 
all showed a significant decrease. In the one 
case of gargoylism, directional changes of a 
similar nature were recorded. In the instance 
of Schilder’s disease, however, normal or ele- 
vated values of these lipid fractions were 
noted. In studies of the cholesterol fractions, 
a slight decrease of free cholesterol and slight 
elevation in the cholesterol ester/total choles- 
terol ratio were seen. No significant changes 
were apparent in total cholesterol or choles- 
terol esters however. Serum lipase and free 
fatty acid levels were normal. Further studies 
concerned with lipid and protein metabolism 
in AFT are now in progress. 


Summary. Serial biochemical serum and 
cerebrospinal fluid (CSF) studies in 7 cases 
of Amaurotic Family Idiocy (AFI) disclosed 
some statistically significant variation from 
normal values. Two additional control cases 
of dissimilar degenerative neurologic illnesses 
of childhood were also included as control 
cases. In AFI an elevation in serum electro- 
phoretic alpha-2 globulin fraction was found. 
Decreased values for serum total protein and 
albumin, together with markedly depressed 
gamma globulin results were observed. Serum 
alpha-l and beta globulins and A/G ratio 
findings were normal. Chemical studies of 
CSF proteins showed decreased alpha and 
gamma globulins and gamma globulin /total 
protein ratio values. Serum neuraminic acid 
was consistently elevated in AFI, as well as 
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in the 2 control cases, when compared to 
normal values established in this laboratory. 
Decreases in serum total, neutral and phos- 
pholipids were recorded in AFI. A’ decrease 
was also observed in serum free cholesterol 
values. The results in AFI differed from the 
2 control cases of degenerative central nervous 
system disease most markedly with respect to 
lowered alpha and gamma globulin content of 
the CSF and with regard to decreased serum 
total lipids and phospholipids. 


We wish to acknowledge the helpful cooperation of 
Dr. Abram Kanof and Dr. Nathan Epstein for their 
aid in diagnosis and selection of patients for this 
study. 
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Ghemothesy of Leukemia VII. Effect of Substituted Triazenes on Trans- 
planted Mouse Leukemia.* (22273) 


Josepu H. BurcHenat, M. K. Dace, M. Breyer, AND C. CHESTER STOCK. 


Division of Experimental Chemotherapy, Sloan-Kettering Institute, and Sloan-Kettering Division of 
Cornell University Medical College, New York City. 


During routine screening of compounds for 
possible antitumor effects, a member of a 
new series of compounds not previously known 
to possess chemotherapeutic activity, 3,3- 
dimethyl 1-phenyl triazene (Triazene I), was 
found by Clarke et al.(1) to inhibit growth of 
Sarcoma 180 in mice. Following this Dagg, 
Karnofsky e¢ al.(2) demonstrated teratogenic 
effects on the chick embryo and inhibition of 
growth of Sarcoma 180 and certain human 
tumors implanted on the chorioallantoic mem- 
brane. An evaluation of chemotherapeutic 
effects of this and related compounds against 
various strains of transplanted leukemia in 
- mice has been undertaken and the results are 
herewith reported. 


Method. The general technic used for 
evaluating chemotherapeutic activity of a 
given drug by means of its ability to prolong 
survival time of mice with transplanted leu- 
kemia has been described previously(3). The 
60th to 70th transplant generations of leu- 
kemia 82(4), which originated as a spon- 
taneous leukemia in a C58 mouse in October 
1953, were used for most of these studies. 
This transplantable leukemia usually kills the 
mice in 10 to 15 days after inoculation, with 
an elevation of total leukocyte count to the 
50000 to 200000 level, enlargement of liver 
and spleen, and some lymphadenopathy. A 
few studies were conducted on the 10th to 


* This investigation was supported by grants from 
American Cancer Society, Lasker Foundation, and 
Grant C679 from National Cancer Institute of U. S. 
Public Health Service. 


14th generation of leukemia 5471, which 
arose as a spontaneous leukemia in a C58 
mouse in July, 1954. Although morphologic- 
ally these 2 leukemias are very similar, 82 has 
always been relatively refractory to folic acid 
antagonists, whereas 5471 is quite sensitive. 
In these experiments mice of the Fl hybrid 
generation of C58 male X Bagg albino female 
cross were each injected intraperitoneally 
with 0.1 cc of saline suspension of minced 
spleen containing one million cells per inocu- 
lum. The A-methopterin sensitive (L1210S) 
and A-methopterin dependent (L1210AD) 
variants of Leukemia L1210 obtained from 
Law(5,6) were also used. These leukemias 
were transplanted by subcutaneous injections 
into dba mice of minced tumor tissue sus- 
pended in isotonic saline. Treatment was ini- 
tiated 24 hours after inoculation and repeated 
3 times weekly for 10 doses over a 23-day 
period. The mice were observed for develop- 
ment of leukemia and autopsied at death. 
Triazenes that have been adequately tested 
and their maximum tolerated doses are listed 
below. Because of low solubility in water, 
these compounds were either dissolved in pea- 
nut oil (PO) or suspended in 0.5% sodium 
carboxymethylcellulose (CMC) in isotonic 
saline as indicated: 


I. 3,3-dimethyl-l-phenyl triazene 12-25 mg/kg 


(PO) 

II. 3,3-diethyl-l-phenyl triazene 150 mg/kg 
(PO) 

ITT. 3,3-dimethyl-]-p-nitrophenyl 250 mg/kg 
triazene (CMC) 


TV. 3,3-dimethyl-l-p-tolyl triazene 40-62.5 mg/kg 


(CMC) 
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Leukemia 82 


CONTROLS 
74 MICE 


TRIAZENE I 
25 mg/kg 
76 MICE 


TRIAZENE IIT 
250 mg/kg 
39 MICE 
(0) 10 20 


30 40 50 60 70 


SURVIVAL TIME IN DAYS 


© Death of one mouse 
e One mouse still living 


IKE. dle 


Results. The scatter diagram in Fig. 1 
shows the relative effectiveness of triazenes 
I and Ii in leukemia 82. The mean survival 
time of the 74 control animals was 12.5 days 
whereas mice treated with Triazene I at a 
dose of 25 mg/kg of body weight showed 
mean survival time of 28.9 days and those re- 
ceiving Triazene III at 250 mg/kg 35.8 days. 

The comparative effectiveness of the vari- 
ous triazenes and various standard agents 
against leukemias 82, 5471, L1210S and 
L1210AD is demonstrated in Table I. 

It can be seen that Triazene III was some- 
what more active against leukemia 82 than 
Triazenes I and IV and that the diethyl tri- 
azene (II), was not as effective. 

The triazenes were without therapeutic ac- 
tivity against L1210S and L1210AD. In 
other experiments using variants of leukemia 
82 made resistant to amicetin(7), azaserine 
(8) or aminonucleoside(7), Triazene I was 
still effective in prolonging survival time. 

Using a technique previously reported (9), 
massive single doses of Triazene I of 1000, 
2000, 4000, and S000 mg/kg of body weight 
(5, 10, 20 and 40 times the acute LD59 dose 
respectively) were injected intraperitoneally 
into mice with far advanced 82 leukemia. 
Bioassay of spleens from these animals into 


young mice of the same strain 1-2 hours after 
injection produced leukemia at all levels. This 
result is in contrast to the sterilizing effects 
in the same experiment of single injections of 
2 to 10 times the LDs5 ) dose of one of the 
more potent nitrogen mustards 1, 2, 3, 4, tet- 
rakis (bis [2-chloroethyl]: amino) butane 
tetrahydrochloride(9,10) and in contrast to 
the previously reported sterilizing effect of 
triethylene melamine (TEM) and other alky- 
lating agents on various strains of mouse leu- 
kemia. 

Discussion. It has been postulated that 
the chemotherapeutic activity of triazenes is 
due to their action as alkylating agents. In 
this respect it should be noted that they are 
active on strains of transplantable mouse leu- 
kemia (82 and 5471) which are also inhibited 
by the nitrogen mustard methyl-bis (8-chloro- 
ethyl) amine (HN2) but that although Tri- 
azene I prevents the transplantability of Sar- 
coma 180 growing on the chorioallantoic 
membrane of the chick embryo(2) no steriliz- 
ing effect could be demonstrated in mouse 
leukemia in contrast to the activity of HN2, 
TEM, and other alkylating agents in this re- 
spect. Thus it is evident that certain dif- 
ferences as well as similarities exist between 
the triazenes and the typical alkylating 
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i i arious rains of S emia. Mean survival 
TABLE I. Comparative Effects of Triazenes on Various Strains of Mouse Leukemia. Mea 


time in days and range. 
a 


i i le kemia 
Dose ———_——_— Leukemia 82 — Leukemia Leukemia Leu 
mg/kg Exp. 1 Exp. 2 Exp. 3 Exp. 4 5471 L1210S L1210AD 
5.2 3 15.4 
Controls — 11.2 14.9 14.3 11.8 15.2 13.3 
(11-12) (12-17) (12-19) (10-14) (14-17) (12-14) ( 8-20) 
i i 92 : : 16.4 
Triazene I 25 27.8 31.4 30.4 24.1 32.3 13.9 - 
(22-38) (338-50) (24-48) (19-29) (24-49) (12-15) (13-20) 
12.5 34,2* 37.2* 42.64 39.7 — — eet 
(22-50) (30-50) (29-50) (33-45) (9—20)) 
II 150 15.5 — — = — — — 
(12-18) 
Oe 250 34.4* — — 43.2 — 14.2 14.8 
(19-50) (33-62) (14-15) ( 9-20) 
IV 62.5 21.5 — — a= = aa eee 
(15-28) 
40 —_— 35.6 == = a= = Ss 
(27-44) 
HN2 il 19.0 _ 24.6 — — — 13.9 
(12-22) (22-28) (11-17) 
Urethane 1000 — — 22.3 27.3 22.7 = — 
(20-27) (20-34) (19-28) 
A-Methopterin 3 — — — — 45.7 26.1 13.5 
(35-84) (21-37) (11-16) 


* 1 living at 50 days. + 2 living at 50 days. 
agents. 

In comparative studies on triazene deriva- 
tives, addition of the nitro group in the para 
position of the phenyl group (III) decreased 
markedly the toxicity of the compound for 
the host mouse and increased somewhat its 
relative chemotherapeutic effectiveness against 
leukemias 82. It was not an effective agent 
however, against the Amethopterin sensitive 
or Amethopterin resistant variants of leu- 
kemia L1210 which were also refractory to 
the parent compound (I). Lack of effect of 
this derivative (III) on development of the 
chick embryo was attributed by Dagg e¢ al. 
(11) to the fact that in the 4-day-old chick 
embryo in contrast to the mouse, the addition 
of the nitro group in the para position of the 
phenyl group increased rather than decreased 
the overall toxicity of the compound and thus 
perhaps made it impossible to give large 
enough doses to demonstrate a teratogenic 
effect. 

The fact that these triazenes were active 
against Leukemia 82 which is initially refrac- 
tory to treatment with Amethopterin and 
also against lines of Leukemia 82 made resis- 
tant to Azaserine, Amicetin, or Aminonucleo- 


$3 living at 50 days. 


side indicates that these compounds are act- 
ing through a different mechanism in produc- 
ing their chemotherapeutic effects. 

The above mentioned studies of Clarke ef 
al.(1) of Dagg, Karnofsky, et al.(2) and the 
presently reported studies on mouse leukemia 
suggest that this new series of compounds be 
given clinical evaluation against neoplastic 
disease. Such studies are now in progress. 

Summary. 1-phenyl 3, 3-dimethyl triazene, 
has been demonstrated to prolong survival 
time of mice with transplanted Leukemias 82 
and 5471 but not with an Amethopterin sensi- 
tive or an Amethopterin resistant variant of 
Leukemia L1210. A closely allied derivative, 
1 - p-nitrophenyl - 3,3-dimethyl triazene has 
shown relatively greater chemotherapeutic ac- 
tivity against Leukemia 82 but was inactive 
against the two variants of Leukemia L1210. 
These compounds were also active against 
strains of Leukemia 82 which were either ini- 
tially refractory to or made resistant to 
Amethopterin, Azaserine, Amicetin,- and - 
Aminonucleoside. Further therapeutic studies 
on this class of compounds are indicated. 


We would like to express our appreciation to Dr. 
Christian S. Rondestvedt of the University of Michi- 
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gan and to Dr. Ralph Barclay of the Sloan-Kettering 
Institute for supplying several compounds used. 
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Effect of Adrenalin on Resistance of Adrenalectomized Rats to Certain 


Toxic Agents. 


(22274) 


Ritsu NAKASHIMA AND HERBERT C. STOERK. 
Merck Institute for Therapeutic Research, Rahway, N. J. 


Prior to 1917, the secretion of the adrenal 
medulla was believed to be the entity which 
rendered the adrenal glands indispensable for 
maintenance of life(1). Following the dem- 
onstration that epinephrine-free cortical ex- 
tracts maintained normal blood sugar levels 
in adrenalectomized rats(2), the role of the 
medullary hormone has generally been re- 
garded as of minor importance, if any. In 
searching for a rapid method of assay for 
DOC-like activity of steroids, it was observed 
that adrenalin rather than cortical steroids 
conferred resistance to administration of cer- 
tain toxic agents in adrenalectomized rats. 
The sequence of events which led to this find- 
ing is here described. On the premise that 
adrenalectomized animals exhibit decreased 
tolerance to administered potassium(3), the 
proposed method of assay was to determine 
the amounts of cortical steroids which would 
provide increased resistance to the injection 
of potassium chloride. 

Methods. Intact and adrenalectomized 
male albino Sprague-Dawley rats, one-half of 
each group having been treated with desoxy- 
corticosterone acetate, 1 mg rat/day up to 7 
days, were injected subcutaneously with 0.5 
cc of 10% potassium chloride solution every 


10 minutes until death, and the number of in- 
jections given up to the time of death was re- 
corded. It was noted that adrenalectomized 
animals succumbed after only one-half as 
many injections as those given intact animals, 
and that even intensive pretreatment with 
DCA did not diminish the susceptibility of 
adrenalectomized rats to injected potassium 
chloride. 

Results. Since, in some of the adrenalecto- 
mized rats, convulsions suggestive of hypo- 
glycemic shock were noted after only one or 
2 injections of KCl, glucose determinations 
were made on blood collected from the heart 
at the instant of respiratory failure. These 
values are shown in Table I. 


TABLE I. Blood Sugar of Intact and Adrenalec- 
tomized Rats Injected with KCl. 
Blood sugar (mg %)* Untreated KCl-treated 


275 
45 


135 
85 


Intact 
Adrenalectomized 


* Pool of 4 animals. 


The blood sugar values confirmed the im- 
pression that adrenalectomized rats were in- 
deed in a hypoglycemic state, and also showed 
that intact animals exhibited an increase in 
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TABLE Il. Effects of Adrenalectomy, Adrenal Demedullation, and Administration of DCA, 
Cortisone, and Adrenalin on Sensitivity to KCl. 


No.ofinj 4 5 6 7 8 


@) 31) ih We) aIgy a Gy AG 


Blood sugar (mg % ) 
Initial Terminal 


No. of deaths: 


Intact BS 6: 
Adx. te ene 2a geal 

”™ + DCA Ay 3 Gye 

” + cortisone eh OR Say oe Sal 
Demedullated LS eos 
Adx. + adrenalin Oy ede 2 


2 130 270 
Tass 40 

155 80 

USS) 75 

1 — 125 
he 1 110 240 


blood sugar. It was thereupon decided to in- 
vestigate whether the hypoglycemic response 
of the adrenalectomized rats could be modi- 
fied by the administration of glucocorticoids, 
and if so, whether their sensitivity to KCl 
could thereby be reduced. In addition, since 
the ablation of adrenals deprives the animal 
of another hyperglycemic factor, the medul- 
lary secretion, the study was extended to in- 
clude the effect of adrenalin administration. 
One group of adrenalectomized rats was 
treated for 7 days with 1 mg cortisone acetate 
injected subcutaneously/rat/day. On the 
8th day they were injected with KCl as in 
the foregoing test. Another group of adrenal- 
ectomized rats was injected with a solution of 
KCl, each 0.5 cc containing 10 y of adrenalin 
chloride. A third group consisted of rats 
whose adrenals had been enucleated 1 month 
previous to the test. The remaining groups 
included DCA-treated adrenalectomized rats, 
and untreated intact and adrenalectomized 
controls. Blood sugars were collected termin- 
ally. 

The results (Table II) confirmed the pre- 
vious findings that untreated adrenalecto- 
mized rats tolerated less KCl than intact ani- 
mals and that DCA-treated adrenalectomized 
rats showed the same sensitivity to KCl as 
untreated adrenalectomized animals. They 
also demonstrated that cortisone-treated 
adrenalectomized rats and demedullated rats 
were only slightly less sensitive to KCl than 
adrenalectomized animals and that adrenalin- 
treated adrenalectomized rats tolerated KCl 
as well as or possibly better than did intact 
rats. Hyperglycemia was present in the in- 
tact and in the adrenalin-treated rats; the 
cortisone- and DCA-treated groups and the 
demedullated rats showed a lower blood sugar 


level than the intact rats. The untreated 
adrenalectomized animals exhibited hypogly- 
cemia. 

In view of the protection given by adren- 
alin, this treatment was tested against 2 other 
arbitrarily selected toxic agents, formalde- 
hyde and sodium arsenite. The former was 
injected subcutaneously in doses of 0.1 cc of 
a 10% solution; the latter in 0.5 cc doses of 
a 1% solution. “The results (Tables III and 
IV) show that adrenalin increased the resis- 


TABLE III. Effect of Adrenalin in Formaldehyde 


Poisoning. 
No. of inj. 5 6 7 8 9 10 
No. of deaths: 
Intact al 
Adrenaleetomized 3 1 1 
Adx. + adrenalin a, 1 1 1 at 


* Of 5 intact animals, all but one were still alive 
after 10 injections, although they were in a state 
of collapse. 


TABLE IV. Effect of Adrenalin in Sodium Ar- 
senite Poisoning. 


No. of inj. 3 4 5 6 7 

No. of deaths: 
Intact il 6 ip 
Adrenalectomized 4 3 1 


Adx. + adrenalin 6 


Lo 


tance of adrenalectomized rats to both re- 
agents. In the case of formaldehyde, how- 
ever, the adrenalin-treated adrenalectomized 
rats were still more sensitive than the intact 
animals, while with sodium arsenite, the 
adrenalin-treated adrenalectomized rats were, 
if anything, somewhat more resistant than 
the intact rats. 

Although the increased resistance in adren- 
alin-treated animals was always accompanied 
by a rise in blood sugar, the hyperglycemic 
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TABLE V. Comparative Effects of Adrenalin and L-arterenol. 


Blood sugar 
Se (terminal) 
No. of inj. 3 4 5 6 7 8 9 w@)algl, | ae mg % 
No. of deaths: \ | 
Adx. + KCl il 6 3 2 1 105 
” + adrenalin 1 2 2 2 1 il 2 1 il 185 
+ L-arterenol 4 3 3 2 1 135— 


state appeared to be merely a measure of 
adrenalin activity and not the mechanism re- 
sponsible for survival. The blood sugar level 
in the adrenalectomized rats, even terminally, 
was never so low as to permit an assumption 
that hypoglycemia was the immediate cause 
of death. It seemed likely that the primary 
effect of adrenalin was to resist circulatory 
collapse. Since l-arterenol (nor-epinephrine) 
is known to maintain vasomotion while only 
slightly raising the blood sugar level, the ef- 
fects produced by this agent should reveal 
the significance of the hyperglycemia, if any. 
L-arterenol was therefore administered in 
the same manner as was adrenalin. The re- 
sults (Table V) showed that adrenalin and 
J-arterenol had comparable effects. 

It appeared, then, that the supportive ef- 
fect of the medullary hormone was primarily 
in maintaining vascular tone, and that the 
blood sugar values were a rough index of the 
level of circulating adrenalin. 

Finally, a study was made of the effects of 
blocking the activity of adrenalin. Two sym- 
patholytic agents were tested: Gynergen (er- 
gotamine tartrate) administered in doses of 
0.1 cc each containing 5 y with each injection 


of adrenalin; and dibenamine in doses of 0.1 
cc each containing 1 mg. 

It is seen from Table VI that the dose level 
of Gynergen used was not adequate to block 
the action of adrenalin or of the intact — 
adrenal medulla. It did, however, suppress 
hyperglycemia to some extent. Dibenamine, 
on the other hand, did not affect the usual 
blood sugar response to adrenalin, but abol- 
ished the resistance provided by the latter. 

Discussion. The findings indicate that the 
administration of adrenalin provides substan- 
tial protection to adrenalectomized rats 
against some toxic agents, and that, in the 
case of KCl and sodium arsenite, the pro- 
longation of life may actually surpass that of 
intact rats. The production of hypergly- 
cemia is evidently not the mechanism by 
which the medullary hormone participates in 
the resistance against these agents; animals 
treated with adrenalin-antagonists show en- 
hanced susceptibility to intoxication in spite 
of hyperglycemia. 

The relative importance of the adrenal cor- 
tex and the medulla in the maintenance of 
vascular tone is not established. Zweifach, 
et al.(4) obtained in adrenalectomized rats 


TABLE VI. Effects of Gynergen and Dibenamine. 


Blood 

sugar, 

No. of inj. RS i 9 SD A) a MD TRY Tee ASAI AN ae 

No. of deaths: Adrenalectomized rats 
KCl 3 2 120 
7 + A* Le | dk cal 200 
+A+G 2 2 1 170 
+A+D me ale, =) tal 1 230 
Intact rats 

KCl it alk gh eta 260 
7 tA i i ale 3 360 
4G By ike al 190 
> +D ihe Orta ke” aie eae 250 


* A — Adrenalin; G— Gynergen; D = Dibenamine. 
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restoration of the normal state in the vascular 
bed with cortical steroids. Works of Swingle 
and others(5,6) point to the role of the cor- 
tex in traumatic shock, while Huizenga, e¢ al. 
(7) report on the ineffectiveness of cortical 
hormones in hemorrhagic shock. Remington 
(8) found that intact dogs given a large dose 
of dibenamine succumbed to minor hemor- 
rhages, and that the cardiovascular changes 
in these animals resembled those of animals 
in terminal adrenal insufficiency or acute 
crises following bilateral adrenalectomy. Ra- 
mey, et al.(9) found that ACE potentiates 
the blood pressure response to norepinephrine 
in adrenalectomized dogs. We, however, were 
unable to confirm this in rats. Fritz and Le- 
vine(10) believe that cortical steroids are 
necessary for the efficient response of blood 
vessels to sympathin E. 

Whatever may be the mechanism, the re- 
sults obtained by us, together with the obser- 
vations that adrenalin injection increases the 
resistance of adrenalectomized animals to his- 
tamine(11-13) suggest that at least under the 
conditions of the present experiments, the 
presence of the adrenal medulla is of primary 
importance. 

Summary. 1. Administration of adrenalin 
prolongs survival time of adrenalectomized 
rats injected with KCl, formaldehyde, and 
sodium arsenite. 2. Under conditions of our 
experiments, adrenalin was more effective 
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than cortisone in providing protection against 
these agents. 3. This protective effect is 
abolished by simultaneous administration of 
sympatholytic drugs. 4. The mechanism of 
protection appears to be through the preven- 
tion of vascular collapse. 5. It is suggested 
that the medullary secretion is an important 
factor in resisting traumatic shock. 


1. Schafer, E. A. Brit. Med. J., 1908, vi, 1277, 
1346. 

2. Britton, S. W., and Silvette, H., Am. J. Physiol.. 
1932, v100, 701. 

3. Zwemer, R. L., and Truszkowski, R., Endocri- 
nol., 1937, v21, 40. 

4, Zweifach, B. W., Schorr, E., and Black, M. M., 
Ann, N. Y. Acad. Sci., 1953, v56, 626. 

5. Swingle, W. W., and Pfiffner, J. J., Sci., 1930, 
Wis Uae 

6. Swingle, W. W., Parkins, W. M., and Reming- 
ton, J. W., Am. J. Physiol., 1941, v134, 503. 

7. Huizenga, K. A., Brofman, B. L., and Wiggers, 
C. J., Proc. Soc. Exp. BioL. anD MeEp., 1943, v52, 77. 

8. Remington, J. W., Am. J. Physiol., 1951, v165, 
306. 

9. Ramey, E. R., Goldstein, M. S., and Levine, R., 
ibid., 1951, v165, 450. 

10. Fritz, I., and Levine, R., ibid., 1951, v165, 456. 

11. Kellaway, C. H., and Cowell, S. J., J. Physiol., 
1922, v56, Proc. XX. 

1) , ibid., 1923, v57, 82. 

13. Wyman, L. C., Am. J. Physiol., 1928, v87, 29. 


Received February 1, 1956. P.S.E.B.M., 1956, v91. 


Studies on Platelets. XVI. Glutamic Oxaloacetic Transaminase Activity of 


Human Platelets.* 


(22275) 


Sercio I. Macatinit AND Marto STEFANINI.+ 
(With technical assistance of Ilia Lelli.) 


Joseph Stanton Research Laboratories, St. Elizabeth’s Hospital and Department of Medicine, Tufts 
University School of Medicine, Boston, Mass. 


Glutamic oxaloacetic transaminase (GO- 
T) is a specific enzyme concerned with the 


* Supported by grant-in-aid No. H-2132 from the 
National Institutes of Health, U.S.P.H.S. and from 
Massachusetts Heart Assn. 

+ Damon Runyon Cancer Research Fellow. 

t Established Investigator, American Heart Assn. 


synthesis of glutamic and oxaloacetic acids 
through the transfer of a-amino nitrogen of 
aspartic acid to a-ketoglutaric acid. Its 
presence has been demonstrated in serum of 
many animals and man, as well as in many 
animal tissues(1-4). It was observed by Kar- 
men et al.(4) that human blood hemolysates 
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contained GO-T activity greatly in excess of 
that of human serum. This observation sug- 
gested the presence of GO-T in formed ele- 
ments of the blood. Due to our interest in 
platelets, a study was done to determine the 
GO-T activity of these bodies. 


Methods. 1) Determination of GO-T ac- 
tivity was carried out as described by Karmen 
et al.(4). A minor modification was intro- 
duced consisting in the use of 0.03 ml of malic 
acid reagent instead of 0.1 ml as indicated in 
the original technic. This modification has 
given results quite comparable to those ob- 
tained with the original method(5). Experi- 
ments were run in triplicate. The reacting 
mixture was incubated for 10’ and readings 
were taken at 5’-10’-15’ after addition of the 
aspartic acid reagent. Values given in this 
study are, therefore, the average of nine fig- 
ures obtained for each sample. 2) Prepara- 
tion of platelet-rich and platelet-poor plasma; 
and of platelet suspensions in saline was car- 
ried out as described(6). Technics differed, 
however, in small details. Standard ACD 
solution (1/5 volume) was used as anticoagu- 
lant instead of EDTA-Nas. Blood was 
freshly collected from healthy donors in plas- 
tic containers and processed without delay. 
Volume of saline used in washing platelets 
was identical to that of the platelet-rich 
plasma originally used. Platelet suspensions 
were adjusted to various concentrations by 
addition of suitable volume of saline solution. 
Platelets were counted directly(7) with the 
use of phase microscope. All preparations 
were assayed for enzymatic activity within 8 
hours of blood collection. 3) Preparation of 
water soluble platelet extract. This original 
technic is being described(8). To packed, 
fresh, twice washed platelets from 50 ml of 
fresh human blood, 6 ml of distilled water 
and 5 ml of precooled ethyl ether were added. 
After centrifugation at 3,500 rpm/30’ at 4°C, 
three well differentiated layers were obtained: 
an upper layer, containing ethyl ether and 
lipoid substances; a middle one containing a 
precipitate, probably composed of protein ma- 
terial and stroma, and a bottom one contain- 
ing a water-soluble protein. After separation 
of the supernant ether layer, the middle and 
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lower layers were brought back with distilled 
water to the volume of platelet-rich plasma 
originally used. Centrifugation at © 3,200 
rpm/30’ at 4°C brought to sharp ‘separation 
of a top layer containing insoluble protein 
material and stroma from a water-clear bot- 
tom layer. The bottom layer, representing 
approximately 19/20 of the total volume was 
transferred by suction to another container, 
leaving behind the top layer. Enough water 
was then added to full reconstitution of vol- 
ume. 


TABLE TI. Glutamic Oxaloacetic Transaminase ° 
Activity in Various Preparations from Human 
Platelets.* 


No. of plate- Units of 
lets/mm*? GO-T 
Preparation <0 activity 
Normal plasma 235 + 25 37.52 7.5 
Platelet-poor plasma 10 (approx.) 20.8 + 2.0 
Platelet suspension (sa- 2000 +200 255.0 £10.5 
line) ‘ 470+ 15 6154 3.5 
120+ 24 43.0+ 2.0 
402 5 28.54 1.5 
Washings of sedimented nay) 
platelets 
Water soluble fraction 104.2 +10.0 
(see text) 


* Values caleulated on basis of 5 different ex- 
periments. 


Results. (Table I). (a) Plasma contain- 
ing an adequate number of platelets showed 
greater GO-T activity than platelet-poor 
plasma; (b) Slight GO-T activity was recov- 
ered from washing of platelets after their 
separation from plasma by high speed centri- 
fugation. This may have represented GO-T 
activity of plasma which had remained ab- 
sorbed into the platelets; (c) The transamin- 
ase activity of isolated platelet preparations 
containing discrete, separated bodies was in 
gross proportion to their number; (d) The 
water soluble protein obtained from platelets 
(bottom layer) appeared to possess high GO- 
T activity. 

Discussion. There seems to be no question 
that platelets represent a source of GO-T in 
human blood. In view of the present uncer- 
tainty as to whether a factor discovered in 
platelets is an intimate constituent of these 
bodies or is more simply carried by them, it 
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became necessary to study the “location” of 
GO-T in human platelets. Low GO-T activ- 
ity was found in washings from separated 
platelets. On the other hand, high activity 
was found in a water soluble preparation from 
platelets after treatment with ether. Ether 
appeared to destroy the physical integrity of 
platelets while removing most of their lipoid 
constituents. Both findings, therefore, sug- 
gested that GO-T was an intimate constitu- 
ent of platelets, presumably a part of the pro- 
tein, water-soluble fraction. 


It appears premature to discuss the sig- 
nificance of the finding of GO-T in platelets 
as well as the possible relationship of the en- 
zyme to the role of platelets in the hemostatic 
mechanism. 


Summary. 1) Platelets are a source of 
glutamic oxaloacetic transaminase in human 
blood. 2) The enzyme is an intimate con- 
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PROTHROMBIN 


stituent of platelets, being found principally 
in a water soluble fraction of platelets after 
separation of lipoids by ethyl ether. 
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Amperometric Titration of -SH Groups in Purified Clotting Factors 


By Improved Method. 
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In studies on specific reactive groups of 
proteins involved in the coagulation of blood, 
it was observed that compounds commonly 
used to alter —S—S— bonds caused inhibition 
of clotting activity of purified bovine pro- 
thrombin, whereas those used to alter —SH 
groups did not(1). No —SH groups were de- 
tected in purified prothrombin, thrombin or 
fibrinogen, nor during the conversion of pro- 
thrombin to thrombin. In these experiments, 
quantitative -SH measurements were made 
by the argentimetric amperometric method 
using an ethanol-ammoniacal titration mix- 
ture(1). Benesch, Lardy and Benesch(2) te- 
cently have emphasized that this method, as 
applied to protein —SH groups, is open to 
criticism on the grounds that the high pH of 
the NH,OH-NH,NO; buffer used may de- 
nature proteins and accelerate the oxidation 
rate of -SH groups, that the ammonium ions 


may effect total disappearance of some —SH 
groups, and that the alcohol, usually neces- 
sary to obtain sharp end points, also de- 
natures proteins. It therefore was possible, 
although unlikely, that the absence of detec- 
table -SH groups in the purified clotting 
products could be attributed to these factors. 

In this same paper, Benesch et al. intro- 
duced a modification of the amperometric 
method which overcame these objections. In- 
stead of ammonia as the agent to form the sil- 
ver complex, they employed tris-(hydroxy- 
methylaminomethane) which made it possible 
to titrate protein -—SH groups in aqueous, 
buffered solutions at pH 7.4. Such solutions 
had the significant additional advantage of 
exerting no demonstrable drastic effects on 
proteins, thereby allowing the study of -SH 
groups of proteins in the native state and a 
more precise determination of the relative ac- 
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cessibility of these groups after treatment 
with denaturing agents. They further demon- 
strated that the Tris method is accurate, sen- 
sitive and highly specific for protein —SH 
groups. 

Methods and materials. Several highly ac- 
tive samples of each of the purified prothrom- 
bin, citrate thrombin, biothrombin, autopro- 
thrombin I and fibrinogen, all of bovine ori- 
gin,* and of bovine fibrinogen (Armour and 
Co.) and Thrombin Topical (Parke, Davis 
and Co.) were titrated in triplicate for -SH 
groups using the Tris argentimetric ampero- 
metric method(2). The proteins were dis- 
solved in redistilled, deionized water, as were 
all reagents, and they were made up to a con- 
centration of from 5 to 10 mg/ml. Reduced 
glutathione was used as a standard control. 
Each of the proteins was titrated in its na- 
tive state, and following denaturation with 
half saturated urea, half saturated guanidine 
hydrochloride and by boiling for 30 minutes, 
respectively. 

Results. Under none of the above condi- 
tions were any —SH groups detected in the 
purified clotting factors, thus substantiating 
the results obtained indirectly with the use 
of —SH blocking agents and directly with the 


ammoniacal-ethanol amperometric method 
(1). 
Discussion. Ethanol-ammoniacal argenti- 


metric amperometric titrations for quantita- 
tive measurement of —S—S— bonds had been 
carried out on each of the above listed pro- 
teins(1,3) with results which indicated that 
all but fibrinogen contained 43 »M -—S-S—/ 


* Supplied through the courtesy of Dr. W. H. 
Seegers, Wayne University. 
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100 mg N; prothrombin contained 4 moles 
-S-S—/mole. Since the principle of the 
method(4) is the sulfitolysis of protein -S—S— 
with the release of 1 mole —SH for ‘each mole 
—-S-S-, the objections to the titration of 
—SH groups in an ethanol-ammoniacal me- 
dium were applicable to this method. Re- 
peated attempts to adapt the Tris method to 
the measurement of protein —S—S— resulted 
in failure, even though accurate, reproducible 
values were achieved in the measurement of 
—S-S— bonds of oxidized glutathione. Although 
the indicated objections are valid, the exten- 
sive control studies with oxidized glutathione 
and with insulin, and the good agreement with 
the amino acid analysis of purified bovine 
prothrombin and of fibrinogen(1,4) would in- 
dicate that the original -S—S— values are cor- 
rect, and that the “ammonium effect” is not 
operative with the protein products listed 
above. 

Summary. Since the ethanol-ammoniacal 
amperometric method for quantitative meas- 
urement of —SH groups in proteins is suscep- 
tible to valid criticism, measurements were re- 
peated on certain clotting proteins using the 
Tris buffer system. This procedure also re- 
sulted in the inability to detect -SH groups 
in these proteins. 
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Acetal Phosphatides in the Adipose Tissue of Newborn Rats. 
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Since the discovery of acetal phosphatides 
by Feulgen and Voit(1) a considerable 
amount of work has been done upon the dis- 
tribution and isolation of acetal phosphatides 
in tissues. Few investigators have made 
quantitative chemical studies of the meta- 
bolic role of these compounds. Stetten and 
Schoenheimer(2), basing their conclusions 
upon experiments utilizing deuterium labeled 
compounds, have indicated that fatty alde- 
hydes may be intermediates in the intercon- 
version of fatty acids and fatty alcohols. On 
the other hand, Ehrlich and Waelsch(3), also 
using deuterium labeled fatty acids, con- 
cluded that fatty aldehydes were not directly 
involved in the overall synthesis or transport 
of fatty acids. The suggestion that acetal 
phosphatides are involved in both the ana- 
bolism and catabolism of fatty acids has been 
made by Danielli(4), Fawcett(5), Schafer 
(6) and Mockel(7). Moéckel, basing his con- 
clusions upon a series of histological studies 
of the adipose tissues of newborn rats and of 
rats subjected to starvation, proposed that the 
anabolism and catabolism of neutral fat fol- 
lows the pathway of fatty aldehyde to acetal 
phosphatide. 

Because of the need for quantitative chemi- 
cal data on the changes in acetal phosphatide 
content of tissues actively engaged in lipid 
metabolism it was decided to investigate the 


changes in acetal phosphatide in relation to 
phospholipid and total lipids in the adipose 
tissues and livers of newborn rats over the 
first 21 days of life. 

Materials and methods. Newborn rats at 
1, 2,3, 5, 8, 15 and 21 days of age were sacri- 
ficed by decapitation. The livers and samples 
of subcutaneous adipose tissue from the pec- 
toral and pelvic regions were removed and 
freed from foreign tissue. In age groups I, 
2, 3, 5 and 8 days, tissues of 2 or 3 animals 
were pooled. In pooling tissues, care was 
taken to assure that the number of animals 
taken from any one litter was the same for 
each age group. The lipid of the tissues was 
extracted by the method of Rice and cowork- 
ers(8). The extracts were then analyzed for 
acetal phosphatide, total phospholipid and 
total lipid. Acetal phosphatides were deter- 
mined by the method of Feulgen, Boguth and 
Andresen(9). Phospholipid phosphorus was 
determined by the procedure of Fiske and 
Subbarow(10). Total lipids were determined 
gravimetrically. 

Results. The results are summarized in 
Table I. This table represents the average 
results from 2 separate series of experiments. 
Tn each series the changes noted were parallel 
and of the same order of magnitude. Pre- 
liminary experiments where only acetal phos- 
phatides were determined had shown that 


TABLE I, Lipid Changes in Adipose Tissues and Livers of Rat during First 3 Weeks of Life.* 


———_ Adipose tissue - 


- Liver 


iG = Se Saea 
Phospho-  Acetal Phospho- Acetal 
lipid phospha- lipid phospha- 
Age, Total Lipid, phosphorus, tide, Total lipid, phosphorus, tide, 
days Yo umoles/g yumoles/¢ % wmoles/g pmoles/g 
1 1g) 28.10 Wee 7.31 25.2 401 
2 29.0 25.40 1.02 4.10 19.5 508 
3 42.5 17.90 61 4.67 18.8 392 
5 45.8 1.90 21 5.43 27.3 406 
8 61.5 1.24 .05 5.41 28.7 383 
15 59.1 3.37 .08 4.63 31.2 472 
21 68.9 iol .03 36.1 307 


4.98 


* All values in terms of wet wt of tissue. 
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there was some variation among litters in 
values obtained from animals at the first 3 
age groups. This variation was associated 
with the number of animals in the litter, since 
animals from the larger litter showed a higher 
initial acetal phosphatide content in the adi- 
pose tissue. The changes associated with in- 
creased age for each litter were parallel and 
of the same order of magnitude. In the ex- 
periment described above and where tissues 
were pooled, the variation among litters was 
minimized by keeping the number of animals 
from any one litter the same for each age 
group. 

Discussion. The changes in the lipid frac- 
tions of the liver with increased age in new- 
born rats were within normal adult limits and 
little significance can be attributed to them. 
These data, however, do not exclude the pos- 
sibility that acetal phosphatides may be in- 
volved in the lipid metabolism of the liver by 
means of a turnover mechanism. In adipose 
tissue, on the other hand, the maximum 
changes occurred during the first 5 days of 
life. The initially high levels of acetal phos- 
phatide and total phospholipid decreased rap- 
idly to only trace amounts as the adipose tis- 
sue filled with fat. The results confirm and 
extend the observation of Mockel(7). The 
inverse changes in acetal phosphatide and 
phospholipid, as compared to total lipid, indi- 
cate that they are in some way involved in 
the laying down of fat in adipose tissue. 
Acetal phosphatides could be involved di- 
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rectly in this mechanism or they could be in- 
volved in the synthesis of other phospholipids 
which could then play some role in the fat 
metabolism of adipose tissue. 

Summary. The changes in the acetal phos- 
phatide, phospholipid and total lipids have 
been followed in the adipose tissues and livers 
of newborn rats over the first 3 weeks of life. 
As the adipose tissue fills with fat, the acetal 
phosphatide and total phospholipid, initially 
quite elevated, decrease rapidly to only trace 
amounts by the fifth to eighth day of life. 
These results indicate that acetal phospha- 
tides and phospholipids are involved in some 
manner in the laying down of fat in adipose 
tissue. 
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Effect of Para-Aminosalicylic Acid on Serum Isoniazid Levels in Man. 


(22278) 


W. Manprt, M. L. Conn, W. F. RussEtt, JRr., AND G. MIDDLEBROOK. 
National Jewish Hospital, and University of Colorado School of Medicine, Denver. 


Previous investigations(1,2) with chemical 
methods have shown wide variations in the 
rate of metabolic alteration of isoniazid 
(INH) from person to person, but a rela- 
tively constant rate in any one individual. 
This observation is of clinical importance 
because only the free, unaltered isoniazid has 


significant antimicrobial activity against tu- 
bercle bacilli(3). One of the major pathways 
of metabolic disposition of INH is by acetyla- 
tion(1). Jn vitro experiments by Johnson 
(4) have shown that para-aminosalicylic acid 
(PAS) inhibits the acetylation of INH by a 
competitive mechanism. 
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The purpose of this report is to present ob- 
servations on the application of a specific 
microbiologic assay technic to determine the 
effect of PAS on the level of antimicrobially 
active INH in human subjects. 

Materials and methods. The technic of 
microbiologic assay for INH was as follows: 
1 ml of serum from aseptically collected speci- 
men of clotted venous blood was added to 9 
ml of oleic acid-albumin medium ST-T* con- 
taining 10 pg PABA/ml. From this tube of 
1:10 serum dilution, 2.5 ml aliquots of serum 
dilutions of 1:10, 1:20 and 1:40 were pre- 
pared in duplicate in ST-T medium in 
screw-capped culture tubes. Each of 6 
tubes for any one determination was then 
inoculated with 0.1 ml of  fully-grown, 
dispersed, stock culture of an INH-suscep- 
tible, streptomycin-resistant strain of tubercle 
bacilli (H37RvS-RSM) grown in ST-T me- 
dium containing 0.05% Tween 80 and 10 pg 
streptomycin/ml. The inoculated tubes, 
along with standard control test of suscepti- 
bility of the strain to known concentrations 
of INH (0, .02, .04, and .08 pg INH/ml), 
were incubated at 36°. After 5 days, a Ziehl- 
Neelsen stained smear from each tube was 
prepared and the tubercle bacilli examined 
for loss of acid-fastness (AF). This is a spe- 
cific test for antimicrobially active INH as 
neither human sera nor any known antimicro- 
bial agent other than INH has this effect on 
tubercle bacilli(6). The results were read as 
follows: (1) No loss of AF at 1:10 dilution 
(<0.3 pg INH/ml); (2) Moderate loss of 
AF at 1:10 dilution, no loss at 1:20 (0.3 pg 
INH/ml); (3) Marked loss of AF at 1:10, 
no loss at 1:20 (0.4-0.6 wg INH/ml); (4) 
Moderate loss of AF at 1:20, no loss at 1:40 
(0.7 wg INH/ml); (5) Marked loss of AF 
at 1:20, no loss at 1:40 (0.8-1.4 pg INH/ 
ml); (6) Moderate loss of AF at 1:40 (1.5 
pg INH/ml); (7) Marked loss of AF at 1:40 
(1.6 »g or more INH/ml). Preliminary 


* Same as “basic medium” previously described(5) 
except for addition of 0.4 g sodium citrate, 0.01 g 
ferric ammonium citrate and 2 g glycerol/l; 0.5% 
oleic acid-albumin complex plus 0.2% glucose (final 
concentrations) were added aseptically after auto- 
claving basic medium. 
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studies with known amounts of INH added 

to human sera permit assignment of these _ 
values for INH equivalents in pg/ml. It was 
also shown that addition of as much as 100: 
pg streptomycin/ml and 1000 ng PAS/ml to 
undiluted human sera did not interfere with 
this microbiologic assay. A total of 76 as- 
says were performed on 25 patients under 
treatment for tuberculosis. Patients were se- 
lected from a group who did not maintain 
serum INH levels in excess of 0.3 pg/ml 6 
hours after oral loading dose of 4 mg INH/kg 
in tablet form (Nydrazid, Squibb). This 
standard loading dose regimen required that 


TABLE I. Effect of PAS on Microbiologie Assay 
of Serum INH, in 25 Patients. 


Loading Without 


dose, PAS, With PAS, 
mg/kg weg INH/ml pg INH/m!l Result* 
H.W. 4 <.3 81.4 + 
TEA ¥ % 4A 6 - 
C.H. ; 8-1.4 on 
W.C. : e 4— .6 4 
W.D. ? > ” ” 
W'S. : ui 3 # 
aM 2 ; 4—5 6 2 
G.R. 2 4 <3 0 
M.P. ” ” a” ” 
C.M. 8 : 8-1.4 
H.R. cs 4— .6 os < 
M.B. 9 ”? ” 2? 
A.B. 4 <.3 4— .6 ‘a 
? 3 ”? ” 
Shier a <.3 8-1.4 “s 
” >? ey ” 
M.H. 8 4— .6 i 
zs 4 8-1.4 i 
ELS J 4— 6 H " 
B.S 4 <.3 all mn 
8 3 8-1.4 4 
J.H. 4 <.3 <3) 0 
8 x s= Ao + 
Cas 4 ”? ” ” 
8 em de 8-1.4 a 
A.J. + <.3 se “ 
8 4— 6 .8—1.4 ze 
Bae 4 <3 Ha 
8 3 ” ” 
R.C. 4 <<Go <.3 0 
8 A= .6 81.4 
M.B. 4 <.3 x= + 
8 8-1.4 .8-1.4 
M.S. 4 <8 Rane 2 
8 3 4 6 — 
M.G. 4 <.3 <.3 0 
8 ”? ” ” 


'* + = Inerease; 0 = No detectable change. 
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the patient have received total daily dose of 
INH from 8 to 16 mg/kg for at least one day 
prior to test and that, except for streptomy- 
cin, he receive no antimicrobial agent other 
than INH. The INH was given at 9 a. m. 
and blood was collected at 3 p. m. When 
PAS (Hellwig, PAS Sodium tablets) was ad- 
ministered, it was given in a total daily dose 
Ont0 got free PAS; 2-5 gat-9-a.m., 12 p>m., 
4 p.m. and 8 p. m. Each study was per- 
formed under the same conditions with or 
without PAS which was given or withheld for 
5 days prior to each determination. 


Results. The results are listed in Table I. 
Twenty-two of the 25 patients showed a de- 
tectable increase in their microbiologically 
active serum levels of INH when PAS was 
also given. Repeat determinations with the 
same loading dose of INH were performed on 
4 patients. They showed increases each time 
that PAS also was administered. Repeat de- 
terminations with different loading doses of 
INH were performed on 9 patients. Five were 
done because there was no detectable change 
in the first study. In 4 of these 5 subjects 
there was a detectable increase in INH level 
when PAS was added. The absence of a de- 
tectable increase in 3 of the 25 patients 
studied did not necessarily mean that PAS 
had no effect in these individuals for the mini- 
mum serum dilution employed (1:10) did not 
permit detection of possible changes below 
0.3 pg INH/nl. 


Discussion. The biologic phenomenon of 
one drug raising the blood level of another 
drug is not uncommon. The results of the 
present study demonstrate that concurrent 
administration of PAS with INH raises the 
serum concentration of INH when measured 
6 hours after administration of INH. In 
view of Johnson’s observation(4), it appears 
probable that PAS achieves this effect by de- 
creasing the rate of acetylation of INH to 
the antimicrobially inactive acetyl derivative. 
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It seems fair to assume that delivery of ef- 
fective concentrations of INH to multiplying 
populations of tubercle bacilli in tuberculous 
patients is determined in part by the concen- 
tration of INH in the circulating blood. 
Therefore, the problem of adequate dosage 
of INH presents itself in those tuberculous 
patients who dispose of INH so rapidly that 
effective antimicrobial levels cannot be 
achieved or maintained. The present studies 
show that these levels can be elevated by in- 
creasing the dosage of INH or by adding 
PAS. ; 

The therapeutic superiority of treatment . 
with INH plus PAS over INH alone in hu- 
man beings(7) may be attributable not only 
to the antimicrobial activity of PAS itself, 
but also to the delivery of higher concentra- 
tions of INH to multiplying tubercle bacilli. 

Summary. A method for the microbiologic 
assay of INH in the presence of high concen- 
trations of streptomycin or PAS is described. 
The concurrent oral administration of PAS 
with INH resulted in detectable elevation of 
the antimicrobially active INH level in the 
blood serum of 22 of 25 tuberculous patients. 
The significance of this effect is discussed. 
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Survival of Histoplasma capsulatum in Experimental Histoplasmosis 


in Mice.* 


(22279) 


SAMUEL SASLAW AND JOHN SCHAEFER. 
Department of Medicine, College of Medicine, Ohio State University, Columbus. 


Previous studies(1,2) have demonstrated 
that fatal infections following intraperitoneal 
inoculation of white mice with yeast phase 
H. capsulatum occur within a 30-day period. 
After this ‘‘acute” period very few of the sur- 
vivors died within the ensuing year. This 
study was conducted to determine the fate of 
H. capsulatum after inoculation into white 
mice. 

Materials and methods. Three groups of 
white Swiss male mice were used in these 
studies. The intraperitoneal route of inocu- 
lation was used throughout. At 8 weeks of 
age one group received 7 million heat-killed 
cells, while a second group was inoculated 
with 0.7 million live yeast-phase organisms in 
0.5 ml of mucin, as previously described(2). 
Following a 6-week period, the “immunized” 
group and survivors of the second group were 
challenged with 35 million organisms as was 
a third control group of 14-week-old mice. 
At various intervals up to 53 weeks after in- 
fection, 8 to 14 mice were sacrificed and cul- 
tures obtained. From each animal the whole 
spleen, heart, right kidney and right lung, 
and a 1 cm portion of liver were removed, 
aseptically. Each organ was ground in a 
sterile mortar containing 2 ml of sterile phys- 
iologic saline, after which 1 ml of the ground 
tissue was inoculated on each of 2 Sabour- 
aud’s agar plates containing 80 units and 0.5 
mg per ml each of penicillin and strepto- 
mycin, respectively. The plates were sealed 
with parafilm, incubated at room tempera- 
ture, and read at 15 and 30 days. Those cul- 
tures showing a solid growth of H. capsulatum 
were arbitrarily designated 4+, heavy but not 
solid growth as 3+, more than 40 colonies as 
2* and less than 40 as 1+. The sum of the 
concentrations divided by the number of 
plates counted was designated as the ARC 


* This investigation was supported by a research 
grant from the National Institute of Health, Public 
Health Service. 


(average relative concentration of organisms). 


Results. Table I shows the results ob- 
tained in mice receiving a single challenge dose 
of 35 million organisms (Group I). During 
the first 5 weeks all of 14 mice showed positive 
cultures from the lungs, liver and spleen, while 
the heart’s blood and kidney yielded 11 and 
10 positive cultures, respectively. A rela- 
tively higher concentration of organisms was 
observed in the spleen (2.7), liver (2.4) and 
kidney (2.0) than in the lung (1.7) and 
heart’s blood (1.5). Of 12 mice sacrificed 
between 6 to 10 weeks after inoculation, posi- 
tive cultures were obtained from the spleen 
and liver in 11 and the kidney in 10, while 
the heart and lungs yielded only 5 and 2 posi- 
tive cultures, respectively; the average con- 
centration of organisms was likewise higher 
in the reticuloendothelial tissues (2.6 to 3.2) 
as compared to that observed in the heart’s 
blood (1.3) and lung (1.0). A similar rela- 
tionship was observed in 16 mice between 11 
to 15 weeks except for only 5 positive cultures 
from the kidney as compared to 12 and 14 
from the spleen and liver, respectively. After 
16 weeks no organisms were recovered from 
the lungs of 38 mice studied while only 1 
showed a positive heart’s blood culture. This 
was in contrast to the kidneys, liver and 
spleen which yielded 42.8, 21.4 and 35.7% 
positive cultures, respectively, between 16 to 
30 weeks, and 35.7, 21.4 and 14.3%, respec- 
tively, between 31 to 45 weeks. During the 
46- to 53-week period positive cultures were 
obtained only from the spleen and kidney of 
1 of the 10 mice necropsied. 

The results in mice previously “immunized” 
with 7 million heat-killed cells (Group II) 
were essentially similar as can be seen in 
Table I. Again it was noted that after 16 
weeks the lungs and heart’s blood had been 
cleared of the organisms. The only suggested 
difference was the relative decrease of the 
average concentration of organisms in the 
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TABLE I. Survival of H. capsulatum in Mice following Primary Challenge, Reinfection, and 
after ‘‘ Immunization.’ 


Positive cultures 


; Wk post- -——— Group I*—__,  -———Group II*—__,,__ -————Group IIT1*—_, 
Tissue inoe. No.t %  ARCt No. J ARC No. % ARC 
Heart 1-5 11/14 78.6 1.5 6/8 hoe a7, SY Ales 86.7 2.1 

6-10 5/12 41.7 Tes} 3/8 37.5 ike 6/12 50. isa 
11-15 2/16 12.5 1.0 1/8 12.5 0 0/7 5S 0 0 
16-30 0/14 0 0 0/9 0 a yee 14.3 1.0 
31-45 1/14 Thal 1.0 0/8 ae ue 
46-53 0/10 0 3) = — — — — — 
Lung 1 5 14/14 100. eva 7/8 87.5 1.9 iy/Alto) 86.7 2.0 
6-10 2/12 1627 1.0 2/8 25. igs) 6/12 50. Wath 
11-15 5/16 Siles pe ie a 1.0 ay bs 40. 1.0 
16-30 0/14 0 0/9 0 0 s/h 14.3 a 
31-45 ”? 2”? ” 0/8 ” ” oe e_Ses pees 
46-53 0/10 e. 3 oa —— — 
Kidney 1-5 10/14 71.4 2.0 7/8 87.5 2.0 14/15 93.3 1.6 
6-10 10/12 83.3 Sl 6/8 io. 2.3 9/12 ioe 1.9 
11-15 5/16 31.3 2.0 2/8 25. ibs) BY 60. a5) 
16-30 6/14 42.8 alr 1/9 Ia leit 1.0 By Tl 42.8 2.0 
31-45 5/14 Oe 1.8 2/8 25: 155) 
46-53 1/10 10. 1.0 — — — —_— aa == 
Liver 1 5 14/14 100. 2.4 8/8 100. 3.0 14/15 93.3 3.4 
6-10 11/12 91.7 2.6 7/8 87.5 12G 10/12 83.3 3.0 
11-15 14/16 Seo) 1.6 4/8 50. lees) By by 60. il) 
16-30 3/14 21.4 2 2/9 22.2 1.0 ay ff 42.8 ae) 
31-45 x cc 113 1/8 12.5 ‘i 
46-53 0/10 0 0 — — = = = = 
Spleen 1- 5 14/14 100. etl 8/8 100. Beds 1/0: oo 
6-10 11/12 Oni 3.2 oY a eld 11/12 91.7 2.5 
11-15 12/16 cade 1.8 5/8 62.5 1.8 By 15) 60. 15) 
16-30 5/14 30am 1.6 3/9 Soo ited ty’ 7 71.4 2.0 
31-45 2/14 14.3 1.0 1/8 12.5 1.0 
46-53 1/10 10. 1.0 — == = 


* [— Primary challenge with 35 million organisms. 


million heat-killed organisms. 
t+ Numerator = No. positive cultures. 


Il = Challenge 6 wk after dose of 7 


III = Challenge 6 wk after dose of 0.7 million organisms. 
Denominator = Total No. cultured. 


Ave relative concentration of organisms (see text). 
fo) 


liver (3 to 1.9) and spleen’ (3.3 to 2.5) be- 
tween 6 to 10 weeks, as compared to that ob- 
served between 1 to 5 weeks; this observation 
was in contrast to the results noted in Group 
I where average concentrations in the liver 
rose slightly from 2.4 to 2.6, and in the spleen 
from 2.7 to 3.2 (Table I). 


Similar results were obtained in the mice 
which previously had survived sublethal in- 
fections with 0.7 million organisms (Group 
III, Table I). Here again as in Group II 
there seemed to be the trend downward at 6 
to 10 weeks as compared to 1 to 5 weeks in 
the average concentration of organisms in 
both the liver and spleen from 3.4 to 3.0 and 
3.3 to 2.5, respectively. In this group which 
had received 2 inoculations of viable organ- 
isms, the liver and spleen had 42.8 and 71.4% 


positive cultures, respectively, between 16 to 
30 weeks. During this same time interval 
the liver had about 22% and the spleen about 
35% positive cultures in both Groups I and 
1b 


Discussion. Mortalities in white mice fol- 
lowing intraperitoneal inoculation of yeast 
phase H. capsulatum in mucin usually occur 
within 30 days(1,2). Although deaths from 
specific infection rarely occur after this period 
it is evident that organisms are still present 
in the heart’s blood and lungs as long as 11 
to 15 weeks after inoculation. The spleen, 
liver and kidney show positive cultures as late 
as 45 weeks post-inoculation. Relatively 
little difference was noted between mice re- 
ceiving primary challenge (Group I) as com- 
pared to those receiving heat-killed organisms 
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(Group II) or sub-lethal doses (Group III) 6 
weeks prior to challenge. The only suggested 
differences were: 1) an almost 2-fold greater 
number of positive liver and spleen cultures 
between 16 to 30 weeks in Group III as com- 
pared to the other 2 groups; this could prob- 
ably be attributed to the residual viable or- 
ganisms from the inoculation made 6 weeks 
prior to challenge. 2) A relatively higher 
concentration of organisms in the liver and 
spleen between 6 to 10 weeks in Group I as 
compared to the other 2 groups. When com- 
pared to the concentrations of organisms ob- 
served between 1 to 5 weeks, there was a 
definite trend downward in the previously in- 
fected or “immunized” mice as compared to 
the relative rise at 6 to 10 weeks in the pri- 
mary challenge group. 
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Summary. Yeast phase H. capsulatum 
when inoculated, intraperitoneally, into white 
Swiss male mice may be recovered frequently 
from reticuloendothelial tissues as late as 45 
weeks after infection. The lungs and heart’s 
blood usually clear within 16 weeks post- 
inoculation. Mice surviving previous sub- 
lethal challenge or those previously given 1 
dose of heat-killed organisms show little 
variation in these respects, when challenged, 
from those receiving primary challenge. 


1. Schaefer, J., and Saslaw, S., Proc. Soc. Exe. 
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2. Campbell, C. C., and Saslaw, S., Pub. Health 
Rep., 1951, v66, 570. 
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Inhibition of Immunological Enhancement by Endotoxin in Refractory 


Rabbits. 


Immunochemical Study.* 
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When Gram negative bacterial endotoxins 
are repeatedly administered by vein over 
short periods of time, resistance to the reac- 
tions normally produced by these toxic com- 
plexes rapidly develops(1). Quantities of 
endotoxin originally productive of vigorous 
systemic adjustments no longer produce un- 
toward reactions(2,3). For example, febrile 
responses normally produced are either oblit- 
erated completely(2) or modified. Hemor- 
rhagic and necrotizing phenomena normally 
produced in tumor tissue and skin prepared 
for the local Shwartzman reaction do not oc- 
cur(3,4) after intravenous injection of toxin 
in refractory rabbits. The generalized 
Shwartzman reaction is no longer produced 


* Aided by grants from the U.S. Public Health 
Service, American Heart Assn., Minnesota Heart 
Assn., Helen Hay Whitney Foundation, and Minne- 
sota Division of American Cancer Society. 

+ American Legion Memorial Heart Research Pro- 
fessor of Pediatrics. 


by paired spaced intravenous injections of 
toxin, and the leukopenia producing action of 
endotoxin is obliterated(5). In addition, re- 
fractoriness to the lethal effect of endotoxins 
occurs(6). Refractoriness to most of these 
reactions develops very soon after intravenous 
injections of endotoxin are begun. Resistance 
to the lethal effect of toxin may be demon- 
strated as early as 24 hours following the first 
intravenous injection(7). Refractoriness to 
each of the other effects of endotoxin occurs 
within a few days(2-4). This development 
has been dissociated from the classical im- 
mune response primarily by its lack of speci- 
ficity(8), rapidity of development(7), short- 
ness of duration(2), and lack of correlation 
with appearance and level of circulating anti- 
body(9,10). Further, agammaglobulinemic 
patients unable to produce demonstrable cir- 
culating antibody develop refractoriness to 
febrile and intoxicating actions of endotoxins 
just as readily as do normal persons(11). On 
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the other hand, refractoriness is promptly re- 
versed following intravenous injection of cer- 
tain colloidal substances(8,12), an effect at- 
tributed to the capacity of these colloidal sub- 
stances to produce “blockade” of the reticu- 
loendothelial system(13). Our recent studies 
have shown that the reactions produced by 
administration of Gram negative bacterial en- 
dotoxins result in profound disturbances in 
defense mechanisms of the host(14). Menin- 
gococcal endotoxin in quantities which pre- 
pare rabbits for the generalized Shwartzman 
phenomenon decreases the ability of rabbits 
to clear colloidal materials from the blood 
presumably by interfering with the function 
of the reticuloendothelial system(13). Fur- 
ther, endotoxin seemed to enhance certain 
bacterial infections in rabbits. For example, 
when toxin was given prior to establishment 
of a pneumococcal skin infection, bacteremia 
and death resulted whereas in control rabbits 
given no endotoxin the organism produced 
only local skin infection(14). In contradis- 
tinction, endotoxin did not enhance suscepti- 
bility to infection when injected intraven- 
ously in rabbits previously made refractory 
to the endotoxin(14). Indeed, refractory rab- 
bits appeared to resist pneumococcal and 
streptococcal infection more vigorously than 
did controls. These observations provoked 
investigation of the effect of meningococcal 
endotoxin on the immune response in rabbits 
as revealed by immunochemical study. In 
confirmation of observations of Johnson e¢ al. 
(15) we found that when toxin was given to- 
gether with bovine serum albumin, enhance- 
ment of antibody production against the for- 
eign serum protein resulted(16). 

The present study was undertaken to de- 
termine whether refractoriness to the febrile, 
toxic, and necrotizing effects of endotoxin 
would interfere with the adjuvant effect of 
this material on the immune response. 

Materials and methods. Animals em- 
ployed were 2 kg albino rabbits obtained 
from one breeder and maintained through- 
out the experiment on a diet of Purina rabbit 


t Strain 44-B, generously supplied by Dr. Gregory 
Shwartzman; Mount Sinai Hospital, New York. 
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pellets. Endotoxin was prepared from lots 
of a culture-free meningococcal? filtrate of 
high Shwartzman activity. Different lots 
were combined, spun at 15,000 rpm, the su- 
pernatant quick-frozen and stored at —30°C. 
Details of preparation have been described 
previously(17). The refractory state was in- 
duced using a regimen which had proved to 
be effective in quickly producing a high de- 
gree of resistance in a short time, including 
refractoriness to fever, lethal effect, necrotiz- 
ing action and production of leukopenia. This 
schedule consisted of 11 daily intravenous in- 
jections of 2 cc of endotoxin in increasing 
amounts, beginning with a dilution of 1:10,- 
000 and extending to a dilution of 1:10 on 
the 11th day. Toxin solutions were pre- 
pared daily from the frozen culture free fil- 
trates and dilutions made up with pyrogen 
free saline. Attempt to provoke the Shwartz- 
man reaction was used as the test for resis- 
tance since it had previously been shown that 
this was a delicate index of susceptibility to 
the action of endotoxin. This reaction was 
ordinarily produced by an intradermal pre- 
paratory injection of 0.25 ml of 1:2 dilution 
of endotoxin, followed in 18 hours by an in- 
travenous injection of the same material. In 
the stock of rabbits used and with the endo- 
toxin employed, the Shwartzman reaction de- 
veloped in an incidence between 95 and 
100%. All injections, with the exception of 
the intradermal preparation for the local 
Shwartzman reaction, were made by way of 
the marginal ear vein. Crystallized bovine 
serum albumin (BSA), lot #67009 (Armour 
and Co., Chicago, Ill.), was employed as the 
antigen. Immediately prior to injection, solu- 
tions containing 15 mg BSA were made up to 
2 ml with either pyrogen free saline or 1:100 
dilution of the endotoxin depending upon the 
experimental group. Prior experiments es- 
tablished that this quantity of toxin repre- 
sents the optimal dose for producing enhance- 
ment of antibody formation with the quanti- 
ties of antigen used. Rabbits were divided 
into 3 groups; Group I normal, non-refrac- 
tory rabbits given BSA together with endo- 
toxin intravenously, Group II refractory rab- 
bits given endotoxin and BSA antigen intra- 
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venously, and Group III normal rabbits given 
BSA intravenously. 

Blood was collected by cardiac puncture on 
the 11th day following antigenic stimulation, 
since previous studies had established that at 
this time circulating antibody to BSA is at 
its highest level. Clots were broken up after 
standing 24 hours at 4°C, the tubes centri- 
fuged for 20 minutes at 1000 RPM, the 
serum decanted into lusteroid tubes, frozen at 
-70°C, and stored at -30°C until antibody 
determinations were performed. 


Serum antibody content was determined 
using a modification of the quantitative pre- 
cipitin method described by Kabat and 
Mayer(18). The method involves two pre- 
cipitations. The first, a preliminary run, re- 
quires only small quantities of serum and is 
used primarily to determine the optimal anti- 
gen concentration to be used in the final pre- 
cipitation. With the preliminary precipita- 
tion, a surprisingly accurate estimate of anti- 
body content can be made merely by analysis 
of the supernatant for the presence of excess 
antigen. Known concentrations of antigen 
were prepared from standard stock solution 
of BSA prior to each precipitation. Serum 


samples were thawed at 37°C for 10 minutes, 
mixed and centrifuged in the cold (4°C) for 
1 hour at 3000 rpm. Aliquots of each serum 
sample were then precipitated with 4 concen- 
trations of antigen prepared from the stand- 
ard BSA solution. Precipitin tubes were in- 
cubated at 37°C for 1 hour and stored in the 
cold 7 days to insure complete precipitation 
with agitation each day. Tubes were then 
centrifuged at 4°C for 1 hour at 3000 rpm 
and supernates saved for analysis. Excess 
antigen was determined by capillary tube pre- 
cipitation with a potent anti-BSA_ rabbit 
serum. The tubes were incubated 1 hour at 
37°C, placed in the cold and read for pre- 
cipitate at 36 hours. Final determinations 
were performed in a similar manner except 
that nitrogen content of the precipitates was 
determined. Precipitation was carried out 
with antigen concentrations known to fall in 
the equivalence zone of each serum sample. 
Precipitates were washed twice with 0.145 
molar saline (4°C) and precipitate nitrogen 
was determined colorimetrically using Heidel- 
berger MacPherson modification of the Folin- 
Ciocalteau reaction(19). Optical density, 
read at 650 my on a Coleman Universal Spec- 


TABLE I. 


Group 


Experimental procedure 


Serum antibody content 
yN/ml t iP 


il 2ml1I.V. solution containing 15 mg BSA + 1:100 dilution 333 


of meningococcal endotoxin 


Mean 176 


II Resistant rabbits, 2 ml I.V. solution containing 15 mg BSA 45 
+ 1:100 dilution meningococeal endotoxin 58 


Mean 31.8 


III Controls—2 ml I.V. solution containing 15 mg BSA only 47 


I&II 
I & III 
II & Il 


Mean 26.0 


3.47 <.02 
3.65 ie 
ll | x50) 


| 
. 
| 
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ENDOTOXIN AND ANTIBODY PRODUCTION 


trophotometer Model 14, was converted to 
mg nitrogen using a standard calibration 
curve prepared with a highly purified human 
gamma globulin.’ Nitrogen content of the 
stock solution was determined by the micro- 
Kjeldahl method. 


Results. Resistance was developed to a 
high degree in rabbits receiving daily intra- 
venous injections of meningococcal endotoxin. 
Six of the 7 rabbits of Group II showed no 
evidence of a positive local Shwartzman re- 
action. Lack of usual febrile responses to a 
standardized pyrogenic dose of endotoxin 
was characteristic of the resistant rabbit. 


The results of the quantitative precipitin 
determinations are shown in Table I. When 
meningococcal endotoxin was given together 
with BSA, a significant enhancement of anti- 
body formation resulted. The mean level of 
circulating antibody to the BSA on the 11th 
day following antigenic stimulation was 6 
times that of the control animals of Group 
III which received BSA alone. The proba- 
bility that this might result from chance 
distribution is <0.02 which indicates that 
there exists a highly significant difference be- 
tween these groups. The quantity of endo- 
toxin employed, 2 ml of 1:100 dilution, was 
in that range recently reported to be optimal 
for producing an adjuvant effect resulting in 
increased levels of circulating antibody 
against apparently unrelated foreign serum 
protein(16). 


Resistant animals of Group II received the 
same antigenic stimulation that resulted in 
greatly elevated levels of circulating anti- 
body in the rabbits of Group I. However, 
serum antibody levels of the resistant animals 
on the 11th day following antigenic stimula- 
tion were not elevated. The difference be- 
tween Groups I and II were also significant 
while statistical analysis revealed no differ- 
ence between Groups II and III. 


Discussion. It is shown in these experi- 
ments that resistance to the adjuvant effect 
of endotoxin was readily induced by repeated 
daily intravenous injections of increasing 


§ Generously supplied by Dr. John T. Edsall, Har- 
vard University, Boston. 
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amounts of this material. A solution consist- 
ing of bovine serum albumin and meningococ- 
cal endotoxin produced significantly more 
antibody when given to normal untreated rab- 
bits then when injected intravenously into re- 
fractory animals. 

In these experiments the capacity of endo- 
toxin to enhance antibody production is again 
demonstrated and it is further shown that this 
effect is prevented by prior treatment of rab- 
bits with endotoxin according to a regimen 
designed to produce refractoriness to the other 
known effects of the toxin. These observa- 
tions provide evidence that the enhancing ef- 
fect of meningococcal endotoxin on the pro- 
duction of immune bodies cannot be ex- 
plained simply as the synergistic effect of two 
unrelated antigens or by an unsuspected anti- 
genic relationship between BSA and meningo- 
coccal endotoxin resulting in enhanced anti- 
body production against the former. 

It appears that expression of the ‘‘toxic”’ ef- 
fect of endotoxin is necessary for the stimula- 
tion of antibody production by endotoxin ob- 
served in this and previous studies(15,16). 
The nature of this adjuvant effect remains 
enigmatic. Such an action could be directed 
specifically at the mechanism of antibody 
synthesis at a cellular or subcellular level or 
might act indirectly by mechanisms involving 
alteration in vascular or cellular permeability, 
circulatory dynamics, phagocytic function or 
central nervous system function. Whatever 
be the mode of action, the adjuvant effect of 
endotoxin appears to be real and to depend 
on the “toxic” properties of the bacterial pro- 
duct. 

Summary and conclusion. 1. Using an im- 
munochemical system, inhibition of the adju- 
vant effect of endotoxin by development of 
refractoriness to the “toxic” properties of en- 
dotoxin is demonstrated. 2. The basis for 
enhancement of immune body formation by — 
endotoxin is discussed. 


1. Thomas, L., Ann. Rev. Physiol., 1954, v16, 467. 

2. Beeson, P. B., J. Exp. Med., 1947, v86, 29. 

3. Cluff, L. E., and Bennett, I. C., Jr., Proc. Soc. 
Exp. Brot. AND Mep., 1951, v77, 461. 

4. Shear, M. J., J. Nat. Cancer Inst., 1943-44, v4, 
461. 


418 


5. Unpublished observations. 

6. Zahl, P. A., and Hunter, S. H., Proc. Soc. Exp. 
Biot. AND MeEp., 1943, v52, 116. 

7, Orskov, J., and Kauffman, F., Z. F. Hyg., 1936, 
v119, 65. 

8. Beeson, P. B., J. Exp. Med., 1947, v86, 39. 

9. Morgan, H. R., J. Immunol., 1948, v59, 129. 

10. Favorite, G. O., and Morgan, H. R., J. Clin. 
Invest., 1947, v21, 589. 

11. Good, R. A., Journal-Lancet, 1955, v75, 245. 

12. Bennett, I. C., Jr., Proc. Soc. Exp. Bior. AND 
MeEp., 1952, v81, 248. 

13. Cornwell, S., and Good, R. A., Anat. Rec., 1953, 
v115, 295. 


EFFECTIVENESS OF 19-NOR-ETHISTERONE 


14. Condie, R. M., Zak, S. J.. and Good, R. A, |§f 
Fed. Proc., 1955, vl14. | 

15. Johnson, A. G., Haines, S., and Landy, M.., ibid, \f 
1954, v13, 499. 

16. Condie, R. M., Zak, S. J., and Good, RAS 
Proc. Soc. Exp. Brox. AnD Mep., 1955, v90, 355. 

17. Thomas, L., and Good, R. A., J. Exp. Med., 
1952, v96, 605. 

18. Kabat, E. A., and Mayer, M. M., Experimental 
Immunochemistry, Charles C. Thomas, Springfield, 
1948. 

19, Heidelberger, M., and MacPherson, C. E. C.,, 
Science, 1943, v98, 63. 


Received January 30, 1956. P.S.E.B.M., 1956, v91. 


Progestational Effectiveness of 19-nor-Ethinyl-Testosterone* by 


Oral Route in Women. 


(22281) 


Roy Hertz, JoHN H. Waite, AND Louis B. THoMas. 
National Cancer Institute, U. S. Department of Health, Education and Welfare, Bethesda, Md. 


Tullner and Hertz(1) have previously 
demonstrated that 19-nor-progesterone is 4 to 
8 times as active as progesterone by injection 
in the Clauberg rabbit test. Hertz, Tullner, 
and Raffelt(2) also showed that 19-nor- 
ethinyl-testosterone is likewise about 5 times 
as active as ethinyl testosterone when tested 
for progestational activity by oral administra- 
tion in the Clauberg rabbit and that it is also 
highly active in the ovariectomized monkey 
pretreated with estrogen(2,3). 

This report presents observations on the 
progestational effectiveness of 19-nor-ethinyl- 
testosteronet upon oral administration in 4 
women. 

Case 1; S.J.M. 14-year-old white female; 
proven by biopsy of ovarian anlagen to have 
ovarian agenesis (October, 1953). She was 
maintained on cyclic estrogen therapy with 
monthly withdrawal bleeding until January, 
1954. Then after 23 days on 0.1 mg ethinyl 
estradiol daily she received 10 mg 19-nor- 
ethinyl-testosteronet twice daily for 12 days. 
Suction curettement of the endometrium 


* We are greatly indebted to Chemical Specialties 
Co., N. Y., for supplies of 19-nor-ethinyl-testosterone. 
t Also called: “nor-ethisterone.” 


showed marked progestational effects with 
numerous polyhedral as well as spindle cells 
in the stroma. Menses ensued 2 days after 
cessation of therapy. 


Case 2: A. H. 21-year-old white female; 
Ovarian agenesis proven by biopsy of both 
ovarian anlagen in November, 1953. She was 
maintained on cyclic estrogen therapy until 
January, 1954, when she was given 5 mg of 
19-nor-ethisterone twice daily in addition to 
her usual daily estrogen dosage of 0.1 mg 
ethinyl estradiol for 2 days followed by 12 
days more of the nor-ethisterone alone. She 
began menstruating at this point and all 
treatment was discontinued for 3 months. 
This bleeding indicated that although 5 mg of 
nor-ethisterone twice daily was sufficient to 
markedly prolong her usual latent period for 
withdrawal bleeding, nevertheless it was not 
sufficient to maintain the endometrium. Ac- 
cordingly, about 2 weeks later another course 
of estrogen followed by 10 mg of nor-ethister- 
one twice daily was given for 14 days and a 
suction curettement performed. The endo- 
metrium showed a marked progestational ef- 
fect with distinct decidual reaction in many 
areas. 
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FIG. 1A. Curettage specimen from case 4 after 25 days on 19-nor-ethisterone at 10 mg 


twice daily. 
FIG. 1B. Decidual cells in case 4. 


Case 3: M. H. 24-year-old white married 
female; amenorrhoea of 4 years duration. 
Menses had been entirely normal (interval 
28 days; flow 5 days; napkins 3-4) since 13 
years of age. She was given 5 mg of nor- 
ethisterone twice daily for 5 days and no 
menses occurred on withdrawal. A second 
course of 10 mg nor-ethisterone twice daily 
for 5 days was followed after 3 days by 
menses lasting about 5 days. Since no spon- 
taneous menstruation occurred during the en- 
suing 35 days she was given another course 
of 10 mg of nor-ethisterone twice daily for 5 
days and this was followed by menses. Six 
weeks later she was given ethinyl testosterone 
at a dose of 40 mg twice daily for 5 days. No 
bleeding had ensued when the patient was 
seen 41 days later and further followup was 
not obtainable. 

Although no histological evidence was ob- 
tained in this case, 10 mg nor-ethisterone 
twice daily elicited menses on 2 occasions and 
half this dose failed to do so. In addition, a 


4 times greater dose of ethinyl testosterone 
also proved ineffective. 

Case 4: C.P. 40-year-old white female; car- 
cinoma-in-situ diagnosed by repeated smears 
and biopsy. She was placed on 10 mg nor- 
ethisterone twice daily continuously for 25 
days while awaiting hysterectomy. No menses 
intervened during this period. Papanicolaou 
smears throughout this period remained posi- 
tive. Quadrant biopsies of the cervix prior to 
hysterectomy revealed invasive carcinoma of 
the cervix. Endometrial curettement showed 
extreme progestational effect with extensive 
decidual reaction (Fig. 1). Panhysterectomy 
with node dissection was then carried out. 

Conclusions. It is clear from the foregoing 
observations that 10 mg nor-ethisterone given 
twice daily represents a reproducibly effec- 
tive dose in women for the production of 
marked progestational changes in the endo- 
metrium. The data suggest that very prob- 
ably one half this dose will not be effective. 
The comparably effective dose of ethinyl tes- 
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tosterone (ethisterone) would be about 4 
times higher(4). Thus the comparative val- 
ues agree reasonably well in rabbit, monkey, 
and man(2,3). 
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Cytological and Weight Changes in Pituitary Gland of the Severely Stressed 


Rat.* 


(22282) 


R. F. TIMMER AND J. C. FINERTY. 


Department of Anatomy, University of Texas Medical Branch, Galveston. 


Numerous cytological studies have been 
made of the anterior pituitary gland following 
the application of different types of stress. 
Finerty and Briseno-Castrejon(1) and Bro- 
kaw et al.(2) reported an increase in the per- 
centage of acidophils as shown by azocarmine 
after unilateral adrenalectomy in rats. 
Daughaday, Perry and McBryde(3)_ asso- 
ciated the acidophils with ACTH secretion in 
their studies of increased adrenal function in 
acromegaly. Finerty, Hess and Binhammer 
(4) reported no increased percentage of aci- 
dophils or basophils at intervals of 1, 3, 12 
and 24 hours after stress with the azocarmine 
staining method but did describe an increase 
in numbers of acid hematein positive cells. 
No change in the percentage of the basophils 
by staining with PAS or with aldehyde fuch- 
sin was found. Recently, Knigge(5) reported 
an increase in percentage of acidophils and 
argyrophilic basophils 12 hours after severe 
stress, and concluded that the latter were 
most probably associated with ACTH pro- 
duction since response to stress occurs in thy- 
roidectomized animals which are character- 
ized by absence of acidophils. Kraus(6) re- 
ported a decrease in the number of basophils 
in the anterior pituitary of Addison’s disease 
patients. Further evidence for the basophils 
as the cytological source of ACTH was noted 
by Koneff(7) who found a decrease in the 


* These studies were aided by contract between 
Office of Naval Research, Department of the Navy, 
and University of Texas. 


basophils after bilateral adrenalectomy and 
after ACTH injection in rats. D’Angelo e¢ 
al.(8) noted adrenal hypertrophy during pro- 
longed periods of inanition in the guinea pig. 
This was accompanied by loss of weight of 
the pituitary and hypertrophy and _ hyper- 
plasia of the basophils, increasing with the 
severity of the inanition. Marshall(9) found 
ACTH antibody coupled with fluorescent dye 
to be localized in the basophil cells of the hog 
pituitary. Recently, Wilson ef al.(10) re- 
ported the characteristic Crooke’s hyaline cy- 
toplasmic change of the pituitary basophils 
associated with hyperfunction of the adrenal 
cortex, and a progressive loss of acidophils in 
100 routine human necropsies. 


It was the purpose of the present experi- 
ments to reinvestigate histological changes 
and to study changes in weight of the pitui- 
tary gland in order to gain further insight into 
the effects of a severe stress. 

Method. Male rats of the Holtzman strain 
weighing between 110-130 g were used. They 
were stressed by immersion (except for the 
head) in water (containing Aerosol) at 70°C 
for 5 seconds while under Nembutal anes- 
thesia. All animals were sacrificed by de- 
capitation. The pituitary gland was removed 
immediately and weighed on a Roller-Smith 
torsion balance. About half of the glands 
were then placed in appropriate fixative for 
future histological study. The rest were 
placed on previously weighed coverslips, dried 
in an oven at 30°C for 48 hours and re- 
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TABLE I. Number of Cells per Field* in Anterior Pituitary after Severe Stress Using Various Stain- 


ing Methods. 


Hrafter No.of Acad a Noone —— Aldehyde fuchsin 
stress animals hematein Acid. Baso. Chrom. Beta Delta PAS 
Unstressed 30 21.1 + .5t eae Omenn i. Oct?) NANROTS = 25 46.5 36+ .4 7.8 + 6 
1 35 18.5 + .5 IEGae i Wires 2b - Sey sS 0) 42+ .3 44+ 2 8.0 + 4 
3 32 20.0 + .8 Wied t= 1:3)" O18 S=- 7 B93 =e 1.6 3.74.4 5.24.3 8.3 + .4 
12 32 29.4 + 8 20.0:42°°.6 99 se 10) bile 9-5 31+ .4 644.5 9.9 = .5 
* Oil immersion 1.25 mm lens and a 20 eyepiece. 
+ + stand. error. 


weighed. Glands used for histological study 
were stained by 5 different methods: fixation 
in Bouin’s fluid and stained with hematoxy- 
lin for nuclei counts; fixation in Zenker- 
formol solution and staining with a modified 
azocarmine stain(11) for cell counts; fixation 
in formol-sublimate and staining with peri- 
odic acid Schiff method for basophils(12) ; 
fixation in formol-calcium and staining with 
acid hematein for phospholipids(13); and 
fixation in Susa-picric acid and staining with 
aldehyde fuchsin to distinguish beta and 
delta cells(14). Cell counts were made on 3 
serially cut sections selected at approximately 
the 4, % and 34 levels of the gland. The 
cells were counted in every tenth field for 10 
consecutive fields. A standard field was ob- 
tained with a 1.25 mm oil immersion Spencer 
lens and 20x eyepiece. Cell counts were re- 
corded as the number of cells per field. 
Results. Exp. I. Ninety-nine pituitaries 
‘were prepared for histological study from rats 
which were sacrificed at intervals of 1, 3 or 
12 hours post-stress. Thirty unstressed ani- 
mals served as controls. Table I shows no 
significant differences in number of anterior 
pituitary cells per standardized microscopic 
field among control, 1 and 3 hour post-stress 
animals by any of the staining methods. 
However, 12 hour post-stress animals demon- 


strated a significant increase in acid hema- 
tein positive cells per field. There also were 
significant changes in the number of acido- 
phils, basophils and chromophobes per stand- 
ard microscopic field in the 12 hour post- 
stress animals stained by azocarmine stain as 
compared to controls. PAS staining of pitui- 
taries of the 12 hour post-stress animals 
showed an increase in number of basophils 
per field. The 12 hour post-stress pituitaries 
showed an increased number of delta cells 
and a slight decrease in beta cells when 
stained by Halmi’s aldehyde fuchsin method 
(14). In the 12 hour post-stress groups all 
cell counts (except beta cells) after various 
methods of staining show a significant in- 
crease in number of cells per field as shown 
in Tables I and II. 


Calculations of percentage of cells stained 
by the azocarmine method show that there 
is no significant change in percentage of each 
type of cell after severe stress. The nuclei 
counts are similar to the total cell counts 
after azocarmine staining as shown in Table 
II. Table I shows total number of basophils 
after staining by aldehyde fuchsin, azocar- 
mine or PAS to be similar also. The acid 
hematein stain for acidophils gives consis- 
tently higher numbers than for acidophils 


TABLE II. Relation of Fresh Pituitary Weight to Total Cells per Field* after Severe Stress. 
Sooo SS > 


-—Fresh pituitary wt—, —Total nuclei/field*—, 


Hr after No. of Absolute, Relative, Hema- 
stress animals Body wt, g mg mg/100 g toxylin Azan 
Unstressed 30 119 + 1.21 411+ .03 3.444.038 Oem of Claas Ay 
1 35 i TMs} ee a1} 406+ .02 344+ .02 60.1 +14 5744 .8 
3 82 Title XG 3.71+.03 3.404 .02 GOs Gosia ther 
12 32 112 + 2.0 3.40+.03 3.05 + .02 84.642.1 87.2+1.4 


* Oil immersion 1.25 mm lens and a 20X eyepiece. 


+ + stand. error. 
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TABLE III. Fresh and Dry Weight of Pituitary after Severe Stress. 


—————Rel. wt/100 g body wt, 


Hrafter No.of Liquid lost 
stress animals Body wt, g Fresh, mg Dry,mg indrying, mg 
Unstressed 31 121 + 1.2* 3.41 + .03 754.009 2664.01 
1 Hall 122 + 1.6 3.46 + .04 Uipss dil 2.69 + .02 
12 28 128 + 2.4 3.01 + .04 G2ie=e0m 2:39 =e .02 
Diff. between unstressed and 12 hr 40 13 27 
post-stress 
32.5 67.5 


Relative fiuid and solid loss (in % ) 


* + stand. error. 


stained by the azocarmine method as shown 
in Table I. 


General observations of the 12 hour post- 
stress pituitaries indicated few mitotic fig- 
ures, and an apparent reduction of cytoplasm 
in the cells, resulting in an increased nuclear- 
cytoplasmic ratio. 

Results in Table II show no significant 
change in fresh weight of the pituitary of 1 
and 3 hour post-stress animals as compared 
with controls. There is also no significant 
change in relative fresh weight per 100 g 
body weight of 1 and 3 hour post-stress ani- 
mals. The 12 hour post-stress pituitaries 
show a significant absolute decrease in weight 
which is also apparent relative to body weight. 

Exp. II. Thirty-nine male rats were 
stressed and sacrificed at 1 and 12 hours 
later. Pituitaries were removed, weighed and 
dried. Determinations of relative weight per 
100 g body weight were made of fresh 
weight, dry weight and weight of fluid lost in 
drying. The same determinations were made 
on 31 control animals. 

Table III shows no significant changes 
from controls in the relative fresh weight, 
relative dry weight and relative weight of 
fluid lost in the 1 hour post-stress animals. In 
the 12 hour post-stress animals there was a 
decrease in relative fresh weight of the pitui- 
tary per 100 g body weight similar to that in 
Exp. I. The relative dry weight and relative 
weight of fluid lost in drying of the 12 hour 
post-stress animals show a decrease compared 
to controls. Table III also shows that 32.5% 
of the difference in weight between the con- 
trols and 12 hour post-stress animals is due 
to loss in solids and 67.5% of the difference 
is due to a loss in fluid. 


To determine the effects of a severe stress 
on the weight of an organ of similar anatomi- 
cal position which has little endocrine func- 
tion, the brains of controls and 12 hour post- 
stress animals were removed, weighed, dried 
and reweighed. No change in fresh or dry 
weight of the brain was found as a result of 
severe burns suggesting that the two organs 
respond differently. 

Discussion. Our results confirm previous 
reports of increase in number of acid hema- 
tein-positive cells after stress with no change 
in percentage of azocarmine staining acido- 
phils(4). This severe burn stress after 12 
hours induces some increase in number of all 
cells per microscopic field, regardless of 
staining method. This is probably a result 
of general shrinkage of the pituitary gland, 
as indicated by weight reduction and_ in- 
creased nuclear-cytoplasmic ratio. Such a 
finding points out a variable factor which 
must be considered in interpretation of pitui- 
tary cytological studies whenever there is a 
possibility of pituitary anhydremia. 

Measurements of water content of pitui- 
taries after stress indicate that about 68% 
of the weight reduction at 12 hours post-burn 
is a result of dehydration. This is compatible 
with hemoconcentration usually seen in 
burned patients due to edema and resulting 
anhydremia. Since the same fluid changes 
were not found in the brain it is concluded 
that the pituitary is one of the organs speci- 
fically affected by anhydremia, possibly be- 
cause of its oral epithelial origin. 

About 32% of pituitary weight reduction 
at 12 hours post-burn is a result of loss of 
solids. Since solids make up only one-fifth 
of total weight of the gland, it is apparent 
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that their loss is a significant aspect of the 
response to stress, amounting to an actual 
loss of 17% of all solids present. Possible 
factors responsible for the loss of solids may 
be loss of diffusible cellular proteins, loss of 
mineral ions to the blood, or excess secretion 
of pituitary hormones. 

Summary. Effects of severe stress, immer- 
sion in water at 70°C for 5 seconds, were 
studied on the male albino rat in relation to 
response of the anterior pituitary. Using 5 
different staining methods, no significant 
changes in percentage of acidophils, basophils 
or chromophobes were found 1, 3 or 12 hours 
after stress, although there were marked in- 
creases in number of cells per field in the 12 
hour post-stress rats. Fresh weight of the 
pituitary showed no significant change in 1 
and 3 hour post-stress animals, but the 12 
hour group displayed a marked reduction, 
which was evident on both an absolute and a 
relative to body weight basis. Comparison 
of relative dry weight and amount of fluid 
lost in drying in unstressed and 12 hour 
stressed animals revealed that the weight de- 
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crease consisted of both fluid loss and reduc- 
tion in solids. 
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Hemolysis of Human Erythrocytes by a Sulfhydryl Inhibitor, 
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Raymonp F. SHeets, HENry E. HAMILTON, AND ELMER L. DEGOwIN. 
(With technical assistance of Richard H. King) 
Department of Medicine, College of Medicine, State University of Iowa, Iowa City. 


Although sulfhydryl groups have a func- 
tion in the metabolism and integrity of eryth- 
rocytes, its nature is poorly defined. Ingbar 
(1) reported that cysteine caused sickling of 
erythrocytes from patients with sickle cell 
anemia. It was prevented by the addition of 
heavy metals or p-chloromercuribenzoic acid. 
Benesch and Benesch(2) have shown that 
either phenylmercuric hydroxide or mersalyl 
(salyrgan) caused hemolysis of sheep eryth- 
rocytes in a fairly consistent pattern; and 
that this hemolysis was blocked by sulfhydryl 


* This work was supported in part by the Office of 
the Surgeon General, Department of the Army and 
by the Trust Fund of the Department of Medicine. 


groups but not by sulfur in the disulfide link- 
age or other forms of sulfur. Dimant, e¢ al. 
(3) more recently have been concerned with 
the question of de novo synthesis of gluta- 
thione by erythrocytes. In our previous 
studies(4) on the feeding of methionine, pro- 
thrombin and accelerator giobulin decreased 
in all 3 human subjects. Increased erythro- 
cyte destruction was demonstrated in only 
one subject. 


This present study concerns the relation of 
certain factors of the red cell environment to 
hemolysis caused by p-chloromercuribenzoic 
acid. 

Method. The sodium salt of p-chloromer- 
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FIG. 1. Effect of concentration and temperature 
on hemolysis by the sodium salt of p-chloromer- 
curibenzoic acid. Erythrocytes were added at 0 
min, There was no hemolysis in the saline control 
indicated by hemispheres on the base line. 


curibenzoic acidt (PCMB) was prepared in 
5x10+ molar concentration in 0.9% sodium 
chloride solution. Erythrocytes were pre- 
pared from heparinized blood of normal hu- 
man donors. The cells were washed 3 times 
in cool 0.9% sodium chloride solution. After 
the last washing 0.5 ml of packed cells was 
added to 25 ml of 0.9% normal saline con- 
taining the chemicals studied in the particu- 
lar experiment. Unless otherwise specified, 
the cells were incubated at 37°C during the 
period of observation. The degree of hemoly- 
sis was determined by measuring the amount 
of hemoglobin in the supernatant fluid of a 
suspension of cells at intervals throughout the 


+ Purchased from Sigma Chemical Co. 


+ GSH 
0.9% Sacer 


Y% AHEMeLY S'S 
aS 


Zo 


t CYSTINE 
t+ PIETHIOWINE 
+ CYSTEIVE 


Hemo.Lysis oF ERYTHROCYTES BY PCMB 


study. By relating this figure to 100% he- 
molysis, obtained by completely hemolyzing 
a homogeneous suspension of the cells and 
measuring the optical density in a photometer, 
the per cent of hemolysis at any time could 
be calculated. Any existing hemolysis was. 
measured. Correction was made by subtract- 
ing this value from the completely hemolyzed 
sample or the samples obtained at various. 


times. The following equation shows this. 
relationship: 

OD,-OD. 
% hemolysis = x 100. 

OD, —OD, 


OD, = Optical density of supernatant im- 
mediately after adding red cells. 


OD,,—= Maximum optical density possible 
with this concentration of red cells 
(100% hemolysis). 

OD, = Optical density of supernatant at 
any time during test. 


Zero time was the instant of adding the red 
cells. The samples of hemoglobin to be 
measured in the photometer were in a weak 
solution of ammonium hydroxide. No effort 
was made to control the pH. During hemoly- 
sis the pH of the supernatant fell from 7.6 to 
Gos 


Results. 1. Effect of PCMB concentration 


MINOTES 


FIG. 2. 


Amino acids containing sulfhydryl groups inhibit the hemolytic effect of PCMB; 


those without sulfhydryl are ineffective. There is very little hemolysis of the control erythro- 
cytes in 0.9% saline suspension in 4 hr. Erythroeytes were added at 0 min. 
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and temperature on hemolysis (Fig. 1). In- 
creasing the concentration of PCMB 2 and 3 
times the original 5x10~+ molar resulted in a 
slight increased rate of hemolysis; and the 
onset of hemolysis after initial contact with 
the reagent began at 75 instead of 90 minutes. 
Decreasing the concentrations of PCMB pro- 
gressively prolonged the hemolytic process 
over a period of 3 to 4 hours. Under stand- 
ard conditions with a concentration of PCMB 
of 5x10* molar at 37°C hemolysis began in 
about 90 minutes and was completed in 120 
to 130 minutes. This has been a fairly con- 
sistent observation with different samples of 
PCMB and erythrocytes from different don- 
ors. Incubation at 25°C lengthened the time 
before the onset of hemolysis and, once 
hemolysis had begun, the rate was slower. 

Il. Inhibition of hemolysis by amino acids 
containing —SH groups added to PCMB solu- 
tion before contact with erythrocytes (Fig. 
2). Amino acids containing sulfhydryl groups 
in equimolar concentrations inhibited the 
hemolytic effect of PCMB if added to the so- 
lution before the erythrocytes. Cystine and 
methionine were completely ineffective in this 
inhibition. 

Ill. Effect of addition of -SH groups after 
contact of PCMB and erythrocytes (Fig. 3). 
An equimolar concentration of glutathione 
was added immediately after the red cells 
were suspended in the PCMB solution and 
30, 60 and 90 minutes later. At one minute 
and 30 minutes most hemolysis was _pre- 
vented. There was considerable inhibition of 
the PCMB effect when glutathione was added 
as late as 60 minutes. Even at 90 minutes, 
just before hemolysis was about to begin, the 
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FIG. 3. Inhibition of hemolysis when glutathione 

added at intervals after contact between erythro- 

cytes and PCMB. Erythrocytes were added at 0 
: min, 
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addition of glutathione altered the curve re- 
markably although hemolysis went to com- 
pletion. 


IV. Effect on hemolysis of washing eryth- 
rocytes after contact with PCMB (Fig. 4). 
Erythrocytes were washed 3 times in cool 
saline after one minute in contact with 
PCMB and after 30 and 60 minutes. The 
washed cells were suspended in 25 ml of fresh 
saline. Washing the erythrocytes one minute 
after contact with PCMB solution virtually 
eliminated the hemolytic effect. Washing 
after 30 minutes reduced the rate of hemoly- 
sis so that there was 20 per cent hemolysis at 
210 minutes instead of the usual 90 minutes. 
Washing at 60 minutes had little influence on 
the onset and rate of hemolysis except that 
about 10% of the cells were resistant to 
hemolysis for over 4 hours. This finding was 
in contrast to that of the previous experiment 
when the addition of glutathione at 60 min- 
utes prevented most hemolysis. The superna- 
tant from the initial separation in this study 
was saved and tested for hemolytic activity 
by adding another 0.5 ml of red cells. These 
curves were reciprocals of those in Fig. 4, in- 
dicating a progressive loss of hemolytic activ- 
ity from the solution the longer the 
erythrocytes had remained in it. The super- 
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FIG. 4. Incomplete inhibition of hemolysis by 
washing PCMB from erythrocytes. Red cells were 
added to PCMB at 0 min. 


natant removed at 60 minutes was free of 
hemolytic effect. However, contact for 1 min- 
ute produced no detectable loss in hemolytic 
activity. The reaction between erythrocytes 
and PCMB is not instantaneous but requires 
a lapse of time. 

V. Exhaustion of PCMB hemolytic effect by 
exposure of PCMB to single aliquot of red 
cells (Fig. 5). The usual suspension of red 
cells in PCMB solution was made and 
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FIG. 5. Exhaustion of hemolytic effect of PCMB 
by one exposure to erythrocytes. In this chart 
only, time scale is measured from time when red 
cells were added to the PCMB in (1) and time 
when a second portion of red cells was added to 
the hemolyzed mixture in (2), time when the cell 
suspension was made in saline in (3). 


hemolysis was allowed to proceed. As soon 
as hemolysis was complete another 0.5 ml of 
red cells was added to this hemolyzed mix- 
ture and more observations were made. 
There was very little hemolysis of the second 
portion of red cells, which indicates that the 
hemolytic effect of PCMB was exhausted by 
the first aliquot of red cells. This then raised 
the question as to whether the exhaustion of 
the hemolytic effect was the result of -SH 
groups in the cell stroma or inside the cell 
envelope. 


VI. Exhaustion of PCMB hemolytic effect 
by hemoglobin but not by stroma (Fig. 6). 
A suspension of stroma and a hemoglobin 
solution were prepared by thrice rapidly 
thawing and freezing 0.5 ml of packed cells. 
A few milliliters of cold 0.9% sodium chlor- 
ide solution were added to the hemolyzed 
mixture which was then centrifuged. The 
clear supernatant was transferred to a tube 
and the quantity was made up to 25 ml with 
0.9% sodium chloride solution. A small 
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FIG. 6. Inhibition of PCMB hemolytic effect by 

incubation with hemoglobin solution and failure 

of inhibition by stroma suspension. Test erythro- 
cytes were added at 0 min. 
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quantity of fluid containing the stroma was 
placed in another tube and the volume made 
up to 25 ml with 0.9% sodium chloride solu- 
tion. Microscopic examination showed the 
hemoglobin portion to be virtually free of 
stroma and the stroma to be concentrated in 
the other tube. PCMB was added to the two 
tubes in the concentration of 5xl10+* molar 
followed by incubation for 90 minutes. Then 
0.5 ml of erythrocytes was added to each tube 
and the usual procedure followed. The stroma 
fraction altered the shape of the curve but 
only to an insignificant degree. Hemolysis 
in the other tube was almost completely in- 
hibited by the hemoglobin solution. Since the 
stroma was not washed the alteration in this 
curve may have been caused by the small 
amount of free hemoglobin in the stroma sus- 
pension. 

VU. Effect of glutathione plus glucose on 
the PCMB hemolytic system (Fig. 7). Glu- 
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FIG. 7. Failure of glucose to modify inhibition of 

PCMB hemolysis by glutathione. Erythrocytes 

combined with PCMB at 0 min. In (4) red eells 

were suspended in solution of PCMB and NaCl 
only. 


tathione in equimolar concentration with 
PCMB and glucose to produce a final concen- 
tration of 1 mg per 1 ml was added at inter- 
vals of 1 minute, 30 minutes and 60 minutes 
to the red cells suspended in PCMB solution. 
Glucose had no beneficial effect and was 
harmful when added at 60 minutes. 
Discussion. Organic mercurials which 
combine with -SH groups cause hemolysis of 
human erythrocytes. Previous transforma- 
tion of the organic mercury compound into | 
the mercaptide with cysteine or glutathione _| 
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inhibits hemolytic activity. The rate of 
hemolysis is influenced by temperature(11) 
as well as concentration of the mercurial re- 
agent. Benesch e¢ a/.(5) found a striking 
variation in the reactivity of the -SH groups 
of crystalline hemoglobin among different 
species. Those of dogs and man were less 
reactive than those of sheep. Racker(6) sug- 
gested that the difference in rate of reactivity 
between sulfhydryl groups and reagents may 
be influenced by properties of adjacent groups 
on the protein molecule. 

That —SH groups are necessary for the in- 
tegrity of the erythrocyte is a fact. The 
thiols responsible for this effect are not known 
nor is the mechanism known. A recent report 
(5) indicates there are 8 moles of —SH per 
mole of hemoglobin in man. Previous studies 
have demonstrated the presence of ergothio- 
neine(7-9) and glutathione(10) within the 
erythrocyte. The glutathione is in a dynamic 
state(3) and may traverse the cell envelope. 
Less is known of the role of ergothioneine. 

The necessity of -SH groups for the integ- 
rity of the erythrocyte suggests that control 
of the thiol system may be advantageous in 
the preservation of whole blood stored for 
transfusion. 

Conclusions. 1. The sulfhydryl reagent, 
p-chloromercuribenzoic acid, causes hemoly- 
sis of human erythrocytes. This action can 
be prevented by prior reaction with sulfhy- 
dryl groups. 2. The hemolytic action of 
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PCMB is reversible by washing cells for as 
long as 30 minutes after contact with this 
agent. Reversibility of hemolysis lasts up to 
60 minutes after addition of free sulfhydryl 
group. 3. No protection from PCMB hemoly- 
sis was noted with stroma whereas hemo- 
globin solution was effective. 4. The reac- 
tion between PCMB and the —SH group of 
erythrocytes is relatively slow. 5. A physi- 
ologic concentration of glucose offered no pro- 
tection from hemolysis in this system. 


1. Ingbar, S., Glutathione, 1954, 228, Academic 
Press, Inc., New York. 

2. Benesch, R. E., and Benesch, R., Arch. Biochem. 
and Phys., 1954, v48, 38. 

3. Dimant, E., Landsberg, E., and London, I. M, 
J. Biol. Chem., 1955, v213, 769. 

4. DeGowin, E. L., Sheets, R. F., Hamilton, H. E., 
and Carter, J. R., Trans. Assn. Am. Physicians, 1955, 
v68, 118 

5. Benesch, R. E., Lardy, H. A., and Benesch, R., 
J. Biol. Chem., 1955, v216, 663. 

6. Racker, E., Physiol. Rev., 1955, v35, 1. 

7. Benedict, S. R., Newton, E. B., and Behre, J. A., 
J. Biol. Chem., 1926, v67, 267. 

8. Newton, E. B., Benedict, S. R., and Dakin, 
H. D., ibid., 1927, v72, 367. 

9. Hunter, G., and Eagles, B. A., zbid., 1925, v65, 
623. 

10. Woodward, G. E., and Fry, E. G., zbid., 1932, 
v97, 465. 

11. Fegler, G., Nature, 1952, v170, 624. 


Received January 9, 1956. P.S.E.B.M., 1956, v91. 


(22284) 


Joun W. Harrts,§! RicHarp M. WHITTINGTON, RUSSELL WEISMAN, JR., AND 
DANIEL L. HorRIGAN. 
Departments of Medicine, Cleveland City Hospital, Crile Veterans’ Administration Hospital, 
University Hospitals, and Western Reserve University School of Medicine, Cleveland. 


Although pyridoxine is necessary for nor- 
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mal hematopoiesis in dogs(1,2), swine(3-5) 
and monkeys(6), no evidence is available 
that abnormal hematopoiesis occurs in hu- 
mans secondary to a naturally occurring de- 
ficiency of pyridoxine or alteration in its 
metabolism(7,8). In general, the hematolo- 
gic alterations resulting from pyridoxine de- 
privation in animals have been characterized 
by a hypochromic, microcytic anemia with 
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high plasma iron; although a moderate leuko- 
penia is usually observed, neutrophilic leuko- 
cytosis has also been described. After pyri- 
doxine deprivation abnormal metabolites of 
tryptophan are excreted following a loading 
test dose of this amino acid(9,10). The ad- 
ministration of pyridoxine is followed by a 
well-defined reticulocyte response, rapid fall 
of plasma iron and restoration of normal leu- 
kocyte, erythrocyte and hemoglobin values; 
concomitantly, the abnormalities of trypto- 
phan metabolism are corrected. 

The following observations concern a 35- 
year-old white male who had a severe hypo- 
chromic anemia unresponsive to the usual 
hematopoietic agents and associated with ab- 
normalities in tryptophan and iron metabo- 
lism; these abnormalities were promptly re- 
verted to normal following the intramuscular 
administration of pyridoxine hydrochloride. 

Results. Patient H.S. was first admitted 
to the hospital in 1947 at 27 years of age, 
because of weakness and pallor. Except for 
nocturia, tibial pain and pedal edema that 
became very bothersome in 1955, the pa- 
tient’s signs and symptoms during entire sub- 
sequent course could be directly attributed to 
decreased hemoglobin level and were abol- 
ished by transfusions. No signs or symptoms 
of glossal, neural, or dermal involvement oc- 
curred. His appetite and food intake always 
remained excellent and he maintained a con- 
stant weight. Detailed dietary history showed 
that the daily caloric intake averaged 2900 
and was comprised of 122 g protein, 284 g 
carbohydrate and 143 g fat; the daily intake 
of pyridoxine was estimated at approximately 
3 mg.t The spleen never became palpable. 
Admission blood studies showed a _ hypo- 
chromic anemia (4.5 g hemoglobin/100 ml) 
with normal leukocyte and platelet counts; 
the leukocyte differential count was within 
normal limits. Gastric analysis demonstrated 
47 units free acid following histamine. A 
bone marrow biopsy was interpreted as show- 
ing some degree of erythrocyte maturation 
arrest but not consistent with that seen in 


+ We are indebted to Miss H. Ochi of the Dietetic 
Service of Crile Veterans’ Administration Hospital for 
these calculations. 
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classic Addisonian pernicious anemia. 
anemia was unresponsive to parenteral liver 
injections (both purified and crude), pteroyl- 
glutamic acid, Brewer’s yeast, iron and 
ascorbic acid in the dosages, routes and time 
duration of treatment indicated in Table I. 


Transfusions were given as necessary to main- — 


tain his hemoglobin at approximately 8 g/100 
ml. Continuing studies (roentgenographic 
studies of the chest, upper gastrointestinal 
tract, small and large bowel, intravenous pye- 
lograms; basal metabolic rate; stool for ova, 


parasites, blood excess fat or nitrogen; lymph © 


node biopsy; blood chemistries, electrocardio- 
gram) were done with normal or negative re- 
sults. 


In May, 1948.a spontaneous remission ap~ | 
parently occurred and repeated observations — 


showed red count of over 4x10°/mm®* and 
hemoglobin of 12 to 13 g/100 ml. He was 
thereafter asymptomatic and received no 


therapy until November, 1953 at which time | 


he again noticed onset of weakness and pallor. 


Administration of cyanocobalamin and in- - 


travenous iron by private physician appar- 
ently did not alter progression of symptoms. 
In December, 1953 the hemoglobin was 8.5 
g/100 ml; erythrocyte count 3x10°/mm?, 
hematocrit, 26%; reticulocyte count, 0.2% 
and the leukocyte count, 13.2x10*/mm?. The 
leukocyte differential showed 81% polys, 2% 
bands, 17% small lymphocytes; the platelet 
count was 420x10*/mm?; and blood urea 
nitrogen was 9.9 mg/100 ml. Tests for ab- 
normalities found in various(11) hemolytic 
states were within normal limits including di- 
rect Coombs’ test, electrophoresis of hemo- 
globin, alkaline denaturation for estimation of 
fetal hemoglobin, Donath-Landsteiner test, 
cold agglutination test, Ham test, bilirubin 
partition and total amount: no hemolysins or 
agglutinins could be demonstrated in the pa- 
tient’s serum in the pH range of 6.5 to 7.5. 
The indirect Coombs’ test was positive at pH 
7.5 but consistent with a transfusion sub- 
group incompatibility. The erythrocyte os- 
motic fragility was within normal limits: after 
24 hours sterile incubation the osmotic fra- 
gility had shifted into the range indicating 


increased resistance to osmotic stress com- 


The 
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TABLE I. Agents Ineffective in Producing a Hematopoietic Response in Patient H.S. 


Route Amt Dates of 
Medication admin. admin./day treatment 
Purified liver extract IM. 1lml 1/28/47— 2/7 6 
(15 U.S.P. units/ml) 
Crude liver extract IM. 2 4/21 — 4/30 
(2 U.S.P. units/ml) IM. 5 1/ 8/54— 1/14 
Bio-hepulin* LM. 2 5/14 — 5/28 
Valentiie’s liquid ex- EO: 30 4/21/47— 4/30 
tract of liver, U.S.P. 1240) 90 4/14/54— 4/28 
PO: 120 4/29 — 5/10 
Brewer's yeast tablets 12K) 20 tablets 2/20/47— 4/30 
Ferrous sulfate P.O. lg 2/7 — 4/30 
Cobaitous chloride 1260) 180 mg 12/19 -12/24 
Pteroylglutamie acid 1240), 45 3/ 7 = 3/13 
12x): 100 3/14 — 4/30 
IM. alte 12/22/53-12/29 
IPO). 30 3/30/54— 4/12 
Ascorbie acid IPO), 150 3/ 6/47— 3/12 
EO: 200 4/4 — 4/30 
AO; 100 3/30/54— 4/12 
Leukovorin IO), - 30 10/2 lan 
I.M. 6 12/30/53-— 1/ 8/54 
Cyanocobalamin IM. 100 ug 3/30/54— 4/12 
IM. 1000 1/ 8/55— 1/30 
Pantothenic acid 120), 10 mg 12/ 1/47 
Cortisone 120, 100 1/15/54— 1/20 
12KO), 200 1/21 — 2/ 2 
1EO) 150 1/ 8/55— 1/28 
Fresh human plasma Ve 1400 ml 6/ 8/54— 6/16 
Vit. A ] 75000 units 
D | 3000 
Ascorbic acid + EZO: 450 mg 7/ 8/55— 8/28 
Thiamine | 15 
Riboflavin | ils 
Niacin 750 


* Extract prepared from pregnant mare’s liver. 


pletely outside the normal range. The eryth- 
rocyte mechanical fragilities determined be- 
fore and after 24 hours of sterile incubation 
were only slightly increased above normal. 
An erythrocyte autosurvival time determined 
by Cr51 demonstrated a half life of 20 days; 
all the labelled cells had been removed from 
the circulation by 90 days. These values are 
significantly below the normal for the method 
(19). In addition to several agents which 
had been tried previously, the patient was 
treated with citrovorum factor, crude liver 
extract and 1400 ml of fresh plasma intraven- 
ously as indicated in Table I. To none of 
these therapeutic trials did he make any sub- 
jective, clinical or hematologic response. His 
hemoglobin level was maintained at approxi- 
mately 7 g/100 ml by repeated transfusions 


of whole blood. In January, 1955 he was 
readmitted for a trial of cyanocobalamin and 
cortisone(12): there was no response to this 
combination of drugs. Transfusions were 
continued periodically until August, 1955 by 
which time he had received a total of 113 
units of blood. He was then readmitted with 
an erythrocyte count of 2.86x10°/mm®, 5.9 ¢ 
hemoglobin/100 ml, hematocrit 22%, leuko- 
cyte count 25.5x10?/mm?*; the leukocyte dif- 
ferential showed the following percentage dis- 
tribution: 76 polymorphonuclears, 16 small 
lymphocytes, 4 monocytes and 4 eosinophils. 
The mean corpuscular volume was 66 p»? and 
the mean corpuscular hemoglobin concentra- 
tion, 27%. The erythrocytes on smear 
showed definitely abnormal variation in size 
and shape with frequent bizarre forms and 
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Initial hematologic response of patient H.S. to intramuscular administration of pyri- 


doxine and subsequent relapse following cessation of therapy. 


target cells; the cells appeared hypochromic 
with decrease in hemoglobin content. During 
the previous 2 months the patient had been 
taking one tablet of a vitamin preparation 3 
times a day. Each tablet contained: vit. A, 
25,000 units; “vit. ©, 150 meg: vit--D),1.000 
units, thiamine chloride, 5 mg; riboflavin, 5 
mg; and niacin, 250 mg. He was also taking 
quinine, grains 5 p.r.n. usually once every 
other week for night leg cramps; no other 
medicines were taken. A transfusion of 300 
ml packed red cells was given on the same 
day pyridoxine hydrochloride, 200 mg intra- 
muscularly daily was started. After 4 doses 
of this vitamin he noted a subjective improve- 
ment in general well-being and on the seventh 
day after institution of therapy, the reticulo- 
cytes had risen to 50.8%. Following this 
there was a rapid rise in the hematocrit and 
hemoglobin to maximum values of 49% and 
13 g/100 ml respectively, on Sept. 12, 1955. 
The leukocyte count decreased to 9.2x10?/ 
mm. As soon as the reticulocytes were found 
to be elevated significantly, the pyridoxine 
administration was stopped, 5 doses having 
been given. By Nov. 14, 1955 the hematocrit 
had fallen to 27% and the hemoglobin to 
7.8 g/100 ml. This response and subsequent 
relapse are outlined in Fig. 1. Before the 
response to pyridoxine the patient had com- 


plained of very troublesome nocturia, tibial 
pain and-swelling of the feet constant through- 
out the day. Coincident with the reticulocyte 
rise the tibial pain disappeared and the edema 
subsided; shortly thereafter, the nocturia dis- 
appeared. After hematologic relapse when 
the hemoglobin had fallen to 7.9 g/100 ml 
and the hematocrit to 30%, the patient was 
started on pyridoxine, 1 mg intramuscularly 
daily. Except for the 1-tryptophan loading 
tests as indicated below, no medicines or 
transfusions were given at this time. No sig- 
nificant reticulocyte response occurred fol- 
lowing the 1 mg pyridoxine dose and as indi- 
cated in Fig. 2, after 8 days it was increased 
to 10 mg intramuscularly daily. A reticulo- 
cyte peak of 17.7% on the seventh day of 
this therapy, was followed by a rapid rise in 
hemoglobin and hematocrit. Again, there had 
been subjective improvement coincident with 
the reticulocyte response. On Dec. 14, 1955 
the hemoglobin reached 14.1 g/100 ml and 
the hematocrit 51.9%. The patient received 
3 oral loading tests of 4 g 1-tryptophan, the 
first before pyridoxine therapy was started, 
the second during the 1 mg dose, and the final 
one shortly following the reticulocyte re- 
sponse during the 10 mg dose. Measure- 
ments of the urinary excretion of kynurenin, 


‘kynurenic acid, acetylkynurenin, xanthurenic 
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FIG. 2. Lack of hematologic response of patient H.S. to intramuscular administration of 1 mg 
pyridoxine daily with subsequent response to 10 mg pyridoxine daily. The 1-tryptophan load- 
ing tests were done on days —2, 5 and 17. 


acid, anthranilic acid glycuronide, ortho- 
aminohippuric acid, and n-methyl-pyridone- 
5-carboxymid indicated abnormalities of 
tryptophan metabolism(13). These abnor- 
malities were partly reverted toward normal 
on the 1 mg pyridoxine dose and completely 
normalized at the 10 mg level(14). Before 
therapy the serum iron level was 170 p»g/100 
ml with a total iron binding capacity of 184 
ug/100 ml and an iron binding protein satur- 
ation of 92%. Following therapy the serum 
iron was 67 »g/100 ml; the total iron binding 
capacity was 214 »g/100 ml and the satura- 
tion, 31%. 

Discussion. Studies concerning pyridoxine 
have been accomplished in humans by elim- 
inating the vitamin from the diet, counter- 
acting the effect of the vitamin with an an- 
tagonist (4-desoxypyridoxine) and adminis- 
tering the vitamin as a therapeutic test(8). 
Although abnormalities in tryptophan metab- 
olism have been readily produced(10), in 
only one instance has it been possible to show 


+ We are indebted to James A. Bowerfind, M.D., 
of University Hospitals, Cleveland, for these determi- 
nations. 


that pyridoxine deprivation in the human has 
resulted in altered hematopoiesis manifested 
by a severe microcytic hypochromic anemia, 
remediable by pyridoxine alone. Snyderman 
and associates(15) studied 2 hydrocephalic 
infants maintained on a synthetic diet devoid 
of pyridoxine; after 130 days anemia devel- 
oped in one infant and abnormalities in tryp- 
tophan metabolism were demonstrated. These 
abnormalities disappeared after pyridoxine 
administration. No instances of naturally 
occurring abnormalities of hematopoiesis 
have been reported in humans that were re- 
sponsive to the administration of pyridoxine. 
Hunt and associates(16) reported an infant 
who suffered from intractable convulsions 
which were controlled by pyridoxine. This 
infant was also described as having had a 
moderate anemia during the neonatal period; 
however, the only values reported for the 
first 23 days of life are: hemoglobin 13.1 g/ 
100 ml and an erythrocyte count of 4.2x10°/ 
mm?. 

Employing the metabolic antagonist 4- 
desoxypyridoxine(17,18) dermatitis, glossi- 
tis, neuritis, lymphopenia and alterations in 
the handling of tryptophan and alanin were 
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produced. However, the anemia that some- 
times occurred could not be related to pyri- 
doxine metabolism. 

Despite extensive empirical use of pyri- 
doxine as a therapeutic test agent for many 
different conditions, its essential role in hu- 
man hematopoiesis has been demonstrated 
only in the infant maintained on a synthetic 
diet lacking pyridoxine. The present obser- 
vations indicate that abnormal hematopoiesis 
(associated with abnormalities in the metab- 
olism of tryptophan and iron) can occur in 
the adult human secondary to a naturally oc- 
curring alteration in pyridoxine metabolism. 
Since the dietary intake of pyridoxine was 
estimated to be normal, the possibilities exist 
at present that either an absorptive defect or 
metabolic aberration accounts for the findings 
in this patient. The nature of the alteration 
and its role in the steps involved in hemato- 
poiesis are unknown. 

Summary. An adult patient is reported 
with hematologic abnormalities that were un- 
responsive to the usual hematopoietic agents, 
and characterized by a hypochromic anemia, 
leukocytosis, high serum iron and high per 
cent iron binding protein saturation. Measure- 
ments of the abnormal urinary excretion of 
the metabolites of I-tryptophan following oral 
loading tests demonstrated an alteration in 
the metabolism of this amino acid. The 
clinical and laboratory abnormalities were 
promptly reverted to normal, and hematologi- 
cal remission followed intramuscular admin- 
istration of pyridoxine hydrochloride. 
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Acceptance of Tumor Homografts by Mice Injected with Antiserum. 


II. Effect of Time of Injection.* 


(22285) 


NaTHAN Katiss. (With technical assistance of Arthur I. Aronson, 
Bradley F. Bryant, and Venice M. Bryant.) 


Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Me. 


With certain combinations of transplant- 


* Supported by grant-in-aid from American Cancer 
Society, upon recommendation of Committee on 
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grant C-1594 from National Cancer Institute, Na- 
tional Institutes of Health, Public Health Service. 


able tumors and inbred strains of mice, a 
normally resistant host will accept a tumor 
homograft if the animal is injected with 
preparations of mouse tissues prior to tumor 
grafting(1-4). The altered response of the 
host may persist for many months after the 
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tissue has been injected, but tissue adminis- 
tered after the tumor is grafted does not in- 
duce acceptance of the homograft(5). Anti- 
serums to mouse tissues, produced in rabbits 
or mice, also will ensure survival of a tumor 
homograft when injected into normally resis- 
tant mice(6-9). The present report is a 
study of the survival of tumor homografts in 
mice receiving antiserum at different time in- 
tervals, with respect to the time of tumor 
grafting. It was undertaken to establish a 
comparison with the results previously found 
for the effects of varying the time of injection 
of tissue preparations(5). This comparison 
is of importance for an understanding of the 
mode of action of both the tissue injections 
and the antiserums. A preliminary report of 
the present findings has been presented else- 
where(10). 


Materials and methods. The transplant- 
able tumor used as the homograft was Sar- 
coma I (Sal) which is indigenous to the in- 
bred A strain of mice. Hosts were mice of 
the C57BL/6Ks strain (a C57Black subline), 
which is genetically unrelated to the A strain. 
The tumor grows progressively in 100% of 
strain A mice, and very rarely in an untreated 
C57BL/6Ks mouse. (A full description of 
the properties of this tumor has been given 
previously(11).) All mice were 2 to 4 
months old at the start of the experiments. 
Antiserums were produced in rabbits and 
C57BL/6Ks mice. The rabbits received in- 
jections of either freshly secured spleens of 
strain A mice or freeze-dried SaI tumor. The 
tissues were prepared as homogenates in ster- 
ile 0.85% saline, in an amount of approxi- 
mately 20 mg/ml dry weight and the homo- 
genates were centrifuged at 4500 x g. The 
supernatants thus obtained were used for in- 
travenous injection, and the sediments for in- 
traperitoneal injection. The rabbits received 
a total of 6 injections, spaced 4 days apart. 
Except for the first injection, in which super- 
natant was given intravenously, the sediment 
was injected in the morning, and the super- 
natant on the afternoon of the same day, to 
minimize anaphylaxis. The amounts of sedi- 
ment injected per rabbit were, respectively, 
1.0, 1.5, 2.0, 2.0, and 2.0 ml; all injections of 
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supernatant were in the amount of 0.5 ml. 
The rabbits were bled from the heart while 
under nembutal anaesthesia. The serums 
were separated by centrifugation, freeze- 
dried and stored im vacuo, under refrigeration. 
For use in the experiments, the serums were 
reconstituted to the original volume with 
sterile distilled water. They were then heated 
at 56°C for 1 hour, since it had been found 
(12) that unheated rabbit antiserum may in- 
duce severe shock in mice, with subsequent 
death, and that the shock is greatly reduced 
by heating the serums. At the time that they 
were reconstituted, the serums had been in 
storage for 2 years and 8 months. In mice, 
centrifuged supernatants of freeze-dried or 
frozen Sal tumor were administered in 5 in- 
traperitoneal injections of 0.5 ml each, over a 
period of 21% weeks. Each mouse received a 
total of approximately 7.5 mg dry weight of 
tissue. Twelve days after the last injection, 
the mice were bled by incision of the lateral 
tail vein. An additional bleeding was made 
1 month later, after a single “booster” injec- 
TABLE I. Effect of Time of Injection of Rabbit 


Antiserums on Survival of Homografts of a Strain 
A Tumor in C57BL/6Ks Male Mice. 


No. mice dying with 
tumors; inj. with 
antiserums from 


Interval between inj. rabbits No.t 


of serums and t g* K3 208 
Serum inj. before t g 
28 days Varo 1/5 
es 0/ 5 4/5 
3 to 6 hr 10/10 5/5 
Serum from rabbits No. 
2P31 2P26/304t 
3 to 6 hr before 5/6 13/13 
Serum inj. after t g 
1 day 2/ 6 3/ 5 
2 0/ 5 
3 0/ 5 
5 0/ 5 
7 0/10 
Rabbit anti- 
Normal serum to 
rabbit guinea pig 
serum spleen No inj. 
4 hr before t g 0/6 0/6 0/27 


*¢ ¢ — tumor grafting. 

t+ Numerators are No. dying with progressively 
growing tumors; denominators, total No. of ani- 
mals in each group. 

t Pooled serum from 2 rabbits. 
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tion of an equivalent of approximately 4 mg 
dry weight of tumor supernatant. All the 
serums were pooled and stored at —26°C. In 
some of the experiments, the isoantiserums 
bad been produced shortly before they were 
used; in others they had been in storage for 
10 months. The older serums were fully as 
effective as the fresher ones. Antiserums were 
administered intraperitoneally to the test ani- 
mals. The homografts (Sal) were inocu- 
lated subcutaneously by trocar, under aseptic 
conditions, in the suprascapular region. 
Growth of the grafts was followed by periodic 
palpation until the mice either died with a 
progressively growing tumor, or remained 
without an evident growth for a consecutive 
period of 2 months, at which time the ani- 
mals were classified as ‘“‘negative.”’ 


Results. Serums produced in rabbits. 
(Table I). Four different lots of antiserums 
were tested, 3 of these from 3 different rab- 
bits, and the fourth a pooled serum from 2 
other rabbits. Rabbit K3 (Table I) had been 
immunized with the strain A tumor, Sal: the 
other rabbits were immunized with spleen 
from strain A mice. The serums from rab- 
bits K3 and 208 were administered in 2 in- 
jections, per mouse, of 1 ml each, given 24 
hours apart. The other 2 serums were admin- 
istered in a single injection of 1 ml per mouse. 
The following points are evident from the 
data: (a) the best results, in terms of homo- 
graft survival, were obtained when the anti- 
serum was injected shortly before tumor graft- 
ing; and (b) antiserum injected more than 
one day after tumor grafting did not effect 
homograft survival. There is a positive cor- 
relation between the relative strength of the 
antiserums from rabbits 208 and K3 and the 
length of time that their effectiveness re- 
mained in evidence when injected prior to 
tumor grafting. The serum from rabbit 208 
exhibited both a higher complement-fixing 
titer and hemagglutinating titer (with red 
cells from strain A/Ks mice) than did the se- 
rum from rabbit K3. The data of Table I 
show that the serum from rabbit 208 exhib- 
ited some effect at an interval as long as 28 
days between its injection and subsequent 
tumor grafting, while no homografts survived 
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in the mice that received the K3 serum at as 
short an interval as 7 days before tumor in- 
oculation. However, that there was some ef- 
fect of the K3 serum given at this time in- 
terval was shown by the markedly larger 
transient growth of the grafts in this group 
of mice, and their longer persistence before 
regression, as compared with uninjected con- 
trols. 


That the results described are due to spe- 
cific antibody in the passively transferred 
antiserum is further shown by the lack of 
effect of normal rabbit serum, or rabbit anti- 
serum to guinea pig spleen, and by data from 
a previous study on serum fractions(8). 

Serums produced in C57BL/6Ks Mice 
(Table II). The isoantiserum was adminis- 


TABLE II. Effect of Time of Injection of Iso- 

antiserum, produced in C57BL/6Ks Mice, on Sur- 

vival of Homografts of a Strain A Tumor in 
C57BL/6Ks Mice. 


No. mice dying with 


Interval between inj. tumors 
of serum and t g* Q 3 
Serum inj. before t g 
9 wk (OVA 0/ 5 
5 0/ 5 3/ 5 
1 5/ 5 5/ 5 
4 to 6 hrt 14/15 20/21 
Serum inj. after t g 
1 day — 5/ 5 
3 — 5/ 5 
7 — 4/5 
Normal C57BL/6Ks (OS 0/17 
serum, 4 to 6 hr beforet 
Nothing inj. 0/ 5 0/10 


*t g = tumor grafting. 
+ Data of 4 experiments. 


tered in a single injection of 1 ml per mouse. 
As with the antiserums produced in rabbits 
(Table I), the effect of the isoantiserums was 
more marked as the time interval of their in- 
jection, prior to tumor grafting, was de- 
creased. The effectiveness of the isoanti- 
serum, however, remained in evidence for a 
longer time interval than did the rabbit anti- 
serum. With the isoantiserum, there was a 
marked transient growth of the grafts (as 
compared with untreated controls) in the 
mice injected as long as 9 weeks prior to 
tumor grafting. This was particularly evi- 
dent in the male hosts, in whom palpable 
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grafts were still present 18 days after tumor 
inoculation, while in the untreated controls 
the grafts had completely regressed by 13 
days. 

In the group receiving isoantiserum 5 weeks 
before tumor grafting, there was a marked 
transient growth of the tumors in all 5 males. 
In 3 of the 5 males, the grafts resumed pro- 
gressive growth after a slight regression, with 
eventual death of the mice. In the other 2 
males, eventually classified as “negative,” 
tumor nodules were paipable for 25 days after 
grafting. The grafts in the 5 females in this 
group also showed a large growth before re- 
gression, as compared with untreated controls, 
though they did not reach as large a size as 
in the males. 


The difference between the sexes in the 
rate of growth of the grafts was also evident 
in the groups receiving isoantiserum 1 week 
before, or on the same day as, tumor inocula- 
tion. There consistently was a more rapid 
growth of the grafts in the males. Another 
difference between the effect of the isoanti- 
serum and the rabbit antiserums was the sur- 
vival of homografts in the mice receiving iso- 
antiserum as long as 7 days after tumor in- 
oculation. No homografts had survived in 
the mice receiving rabbit antiserum more than 
1 day after tumor grafting. 


Effect of dosage of antiserum and time of 
administration. The assumption was tested 
that dosage of antiserum might account for 
the differences observed between the effec- 
tiveness of rabbit antiserum and isoantiserum 
administered oftey tumor inoculation. This 
assumption was based on two premises: that 
more antibody is needed to insure the survival 
of a homograft after the immune responses of 
the host had been initiated; and that more 
antibody of the type ensuring homograft sur- 
vival would be found, per unit volume, in iso- 
antiserum than in the rabbit antiserum. Two 
groups of experiments were done, one with 
the gamma-globulin fraction of rabbit anti- 
serum, and the other with whole isoantiserum 
produced in C57BL/6Ks mice. The gamma- 
globulin was used because it was known that 
it is active in inducing homograft survival 
(8). Furthermore, it was felt that the mice 
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would tolerate better larger doses of the 
gamma-globulin than of whole serum, since 
it had been found that whole rabbit anti- 
serum, even though heated to 56°C, will in- 
duce some degree of shock, and that the 
gamma-globulin fraction does not produce 
this reaction(12). Gamma-globulin was pre- 
pared by salt fractionation of an antiserum to 
spleen from strain A/Ks mice. It was then 
freeze-dried and reconstituted to the desired 
concentrations, on a dry weight basis, with 
sterile 0.85% NaCl. 


The data for 2 separate experiments with 


TABLE III. Effect of Dosage and Time of In- 

jection of Rabbit Antiserum Gamma-Globulin on 

Survival of Homografts of a Strain A Tumor in 
C57BL/6Ks Male Mice.* 


No. mice dying with tumors at 
y-globulin dosages/mouse of 


10 mg 


Time y-globu- 


lin inj. after 5 mg -——— 1 mg — 


t gt (Bxp.1) (Exp.1) Exp: 1 Exps2 

Same day — eer 5/5 yf) 

1 day 5/5 5/5 5/5 — 

3 see = 0/5 

4 3/4 2/5 1/5 — 

5 is — — 0/5 

ff 2/5 0/5 1/5 a 
Nothing inj. 1/5 (Exp. 1) 
3,5, 7,9 days after t gt 0/5 (Exp. 2) 


* Gamma-globulin obtained by fractionation with 
(NH,).SO,. 

+ t g = tumor grafting. 

{ 4 inj./mouse; 1 mg/inj. 


gamma-globulin are given in Table II. In 
the groups receiving globulin at 4 or 7 days 
after tumor grafting, there is a positive corre- 
lation between the amount of globulin admin- 
istered and the number of mice dying with 
progressively growing tumors. A marked 
growth of the grafts, which was initiated sev- 
eral days after the injection of globulin, was 
observed in almost all the mice in these same 
groups, whether or not the grafts were des- 
tined to grow progressively. In many of the 
grafts that eventually grew progressively, to 
death of the host, this spurt in growth was 
followed by a progressive diminution in size 


_and then a resumption of growth. 


The experiment with the isoantiserum pro- 
duced in C57BL/6Ks mice was carried out at 
3 different dosage levels of serum, the amount 
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administered per mouse being given as a sin- 
gle injection of either 1.0 ml, 0.5 ml, or 0.25 
ml. The data are presented in Table IV. 


TABLE IV. Effect of Dosage and Time of Injec- 

tion of Isoantiserum, Produced in C57BL/6Ks 

Mice, on Survival of Homografts of a Strain A 
Tumor in C57BL/6Ks Male Mice. 


No. mice dying with 
tumors, at serum 
dosages/mouse of 


Time serum inj. r —, 
after tumor grafting 1ml 0.5m] 0.25 ml 
2 days 5/5 5/5 5/5 
4 4/5 3/5 2/5 
a 3/5 3/5 1/5 
10 1/5 3/5 2/5 
14 0/5 0/5 0/5 


There is no clear-cut evidence of differences 
due to dosage. In the groups of mice that 
died with tumors, and that had received anti- 
serum 4 days, or longer, after tumor inocula- 
tion, there characteristically was an initial 
growth followed by a diminution in the size 
of the grafts, even for some time after the 
mice had received the antiserum, followed by 
a gradual resumption of growth. This experi- 
ment demonstrates, incidentally, that the 
grafts may remain viable in the foreign host 
for at least as long as 10 days after inocula- 
tion, a finding which is in agreement with pre- 
viously published reports(5,13). 

Discussion. The time relationships ob- 
tained with the antiserums are in contrast 
with those obtained in mice injected with tis- 
sue extracts(5). Homografts survived in 
mice inoculated with a tumor graft as long 
as 11 months after the mice had received an 
injection of tissue. On the other hand, tissue 
injected more than one day after tumor graft- 
ing did not induce homograft survival. With 
the antiserums, there was a diminution of 
their effectiveness as the interval of time be- 
tween the administration of the serum and 
the subsequent grafting of the tumor was in- 
creased. This undoubtedly is attributable to 
the continuous elimination of the serum by 
the host. The injection of antiserum as long 
as 4, 7, or 10 days after tumor grafting en- 
sured survival of a significant proportion of 
the homografts. 

These observations, together with data ob- 
tained with cortisone-treated mice(9,14), in- 
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dicate that the production of antiserum in 
mice pretreated with tissues may be a neces- 
sary condition for the survival of the tumor 
homografts. (Though the data show that the 
effects of the antiserums produced in rabbits 
and mice are the same, the possibility that 
there are qualitative differences in their mode 
of action is not ruled out.) 


Three alternative hypotheses may be con- 
sidered as to the mode of action of the anti- 
serum. (a) The antiserum “coats” the spe- 
cific tumor antigens which normally would 
evoke a “homograft reaction” by the host. 
Such coated antigens presumably would not 
stimulate the tissues (lymph nodes(13), and 
possibly other tissues) which otherwise would 
react to destroy the graft. (b) The antiserum 
acts directly on the reactive centers (lymph 
nodes, etc.) of the host to block the ‘homo- 
graft reaction,” whether or not the animal 
had been previously exposed to the immu- 
nizing stimulus of a tumor inoculum. (c) 
The antiserum acts directly on the graft, in- 
ducing an adaptive alteration which permits 
the graft to survive in an otherwise hostile 
environment. 


Our findings make hypothesis (a) unten- 
able, since antiserum injected at 4, 7, or 10 
days after tumor inoculation, led to survival 
of the grafts. That these time intervals 
should be sufficient to develop the immune 
responses of the host has been shown by 
Mitchison(13), who demonstrated that im- 
munity to a tumor homograft could be pas- 
sively transferred by lymph nodes taken from 
mice 3 to 10 days after the donors had been 
exposed to the immunizing stimulus of a 
homograft inoculum. 


Whether hypothesis (b) is valid cannot be 
established from the data of the present pa- 
per. However, from data of other experi- 
ments it is believed that this hypothesis is 
open to question. A fuller consideration of 
this point has been given elsewhere(14). 

The possibility that hypothesis (c) is rea- 
sonable is supported by the reports of Bar- 
rett and Deringer(15,16), and our own data 
(12), that a tumor homograft that survives 
in mice of a “foreign” strain loses some of its 
transplantation specificity, since it will grow 
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progressively when grafted to untreated mice 
of inbred strains in which it normally would 
be rejected. Barrett and Deringer used a 
transplantable tumor, indigenous to the C3H 
strain, that had been grown in F,; (C3H x 
C) mice. Though the tumor grew in 100% 
of the F, mice, these hosts can be considered 
as “foreign” to the tumor to the extent that 
half of the animals’ heredity came from strain 
C parentage. When grafts derived from the 
“F,” hosts were implanted into backcross 
(F, x C3H) mice, three times as many mice 
died with progressively growing tumors, as 
compared with backcross mice receiving their 
grafts directly from C3H mice. Barrett and 
Deringer(15) concluded that “ .. . for the 
moment it is best to describe (the change in 
the “F,” tumors) more loosely as an induced 
adaptation in the tumor.” In our own case, 
the altered grafts came from a strain of mice 
in which survival of the tumors had been in- 
duced by pretreating the hosts with freeze- 
dried tumor tissue. On subsequent trans- 
plantation, the tumors grew progressively in 
untreated mice of an inbred strain which nor- 
mally rejects the tumor. However, for rea- 
sons unknown, this change in graft specificity 
was lost after 7 transplant generations. An 
accelerated tumor growth in mice pretreated 
with killed tumor tissue, even in animals of 
the strain to which the tumor is indigenous, 
has been reported by Casey, Laster, and Ross 
(17). This characteristic was retained in 
subsequent transplant generations. Whether 
these examples are pertinent to our case 
would depend both upon the demonstration 
of the production of antiserum under the ex- 
perimental conditions used by these investi- 
gators, and the effects of such an antiserum, if 
it is produced, upon the growth characteris- 
tics of the tumor grafts. 


Another point brought out by our data is 
that the effects of the antiserums injected 
prior to tumor grafting are indicated not only 
by those cases where the grafts grew progres- 
sively, with eventual death of the host, but 
also by the numerous instances in which 
there was a marked transient growth of the 
grafts before they regressed. The latter cases 
are most probably an expression of submini- 


437 


mal doses of antiserum present in the host at 
the time of tumor inoculation. It may be 
assumed that the number of tumor cells af- 
fected by the antiserum was insufficient to 
ensure continued progressive growth of the 
grafts. 

In conclusion, it is emphasized that a defini- 
tive answer as to the mode of action of the 
antiserum must await further experimenta- 
tion, and that the mechanisms involved may 
be concerned with processes as yet unknown, 
and perhaps other than those that have been 
considered in this paper. 

Summary. Passively transferred antiserum 
to mouse tissues, produced in rabbits or mice, 
will induce the survival of a tumor homograft 
in mice. The best effect, in terms of homo- 
graft survival, is obtained if the antiserum is 
administered to the prospective host shortly 
before, or shortly after, tumor grafting. The 
possible mode of action of the antiserum in 
ensuring homograft survival is considered. 
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Failure of Zymosan to Increase Survival in X-Irradiated Mice.* 


(22286) 


Tuomas J. Hatey, W. G. McCormick, E. F. McCutton, AND ANNA M. FLESHER. 
Division of Pharmacology and Toxicology, Atomic Energy Project, School of Medicine, 
University of California, Los Angeles. 


Ross et al.(1) stated that the intravenous 
injection of zymosan in rats and mice was 
beneficial in radiation injury if given prior to 
irradiation, and detrimental if given after- 
wards. Although the effect obtained was re- 
lated to the dose administered, the dosage 
range was not given. The mode of action of 
zymosan is related to its ability to combine 
with properdin, decreasing then increasing the 
serum content of this material. Properdin 
increases survival of irradiated animals by de- 
creasing the post-irradiation bacteremia. Pil- 
lemer and Ross(2) gave information concern- 
ing the effects produced by doses of zymosan 
varying from 5 to 125 mg/kg. Finally Pil- 
lemer(3) reported that small intravenous 
doses of zymosan, administered to CF 1 mice, 
24 hours pre- or post-irradiation, protected 
70% of the animals against an LD100/30 day 
dose of x-irradiation. These investigators did 
not give the characteristics of the irradiation 
used or the manner in which the mice were re- 
strained during irradiation. Regardless of the 
paucity of information, the report of any 
therapeutic agent which is beneficial in radia- 
tion injury requires that further experiments 
be undertaken by other laboratories. We 
have conducted such experiments using both 
low and high doses of zymosan and are un- 
able to substantiate the beneficial effects re- 
ported by Ross and Pillemer. 


Methods. Six-hundred male, CF 1 mice, 
weighing an average of 24 @ each, were ar- 
ranged in groups of 20 animals each accord- 
ing to the design given in Table I. The 
Fleischman yeast zymosan solutions were pre- 
pared according to Pillemer and Ross(2). 
Two series of animals received intravenous 


injections of 5 and 125 mg/kg respectively, 


* This article is based on work performed under 
Contract AT-04-1-GEN-12 between Atomic Energy 
Commission and University of California, Los 


Angeles. 


while another series received a 5 mg/kg in- 
jection intraperitoneally. Except during ir- 
radiation the animals were maintained in an 
air-conditioned room at 72 + 5°F and were 
fed a diet of Rockland pellets supplemented 
weekly with additional vit. A and D. The 
550 r radiation dose was administered from 
above and below the mice with two 250 KVP 
Picker Industrial Units operating simul- 
taneously. The technical factors were: 250 
KVP; 15 ma; FOD 100 cm; filters, 0.21 mm 
Cu inherent, 0.5 mm Cu parabolic and 1.0 
min Al; HVL 2.02; size of field—total body; 
r/min measured in air 17.5 to 18.2. Both 
units were calibrated before and after each 
experiment with a Victoreen thimble r-meter. 
The animals were restrained in a plastic cage 
similar to the one described for guinea pigs 
(4). The results obtained were analyzed 
Statistically by the Litchfield method(5). 


Results. The results obtained with 5 mg/ 
kg and 125 mg/kg of zymosan intravenously 
are given in Fig. 1 and Table I respectively. 
Intraperitoneal injection gave results similar 
to those in Fig. 1. The responses of the 
saline control groups in all series were similar 
to results obtained previously with other 
drugs(6-11). Post-irradiation medication 
with 5 mg/kg of zymosan either intraperi- 
toneally or intravenously was highly detri- 
mental to the mice, significantly reducing the 
ST;59 day and day of total mortality in all 
cases. Pre-medication did not increase the 
ST;9 day and the apparent 20% survival in 
the 7 day group is of doubtful significance 
because such effects have been observed in 
the control groups in past experiments. In 
fact, only 75% of the control animals of the 
intraperitoneal series died by the 26th post- 
irradiation day. 


In the series given 125 mg/kg of zymosan, 
post-irradiation medication on days 1, 3 or 7 
was highly detrimental decreasing the STs 


ZYMOSAN IN RADIATION INJURY 


TABLE I. Effect of 125 mg/kg of Zymosan In- 
travenously on Survival Time in Irradiated Mice. 


ee NS 
SSS 


Final 

pes: ST;)* and Slope mortality 

Medicationt rangeindays andrange % Day 

Saline control 10.9 ; 1.39 XO) a 
rad day (9.45-12.55) (1.26-1.54) 

Z, 14 day pre-R 7.55 139 Wha) HNL 
(6.56- 8.68) (1.25-1.54) 

Lis oe 10.4 1.34 90 21 
(9.17-11.8 ) (1.22-1.46) 

bo} : 9.65 60 75 13 
(771-1250) ((2.82-1.93) 

ire it 2 11.8 1.57 75 ~=-20 
(5.31-26.21) (1.33-1.86) 

Z, ” post-R 12.2 2.31 65 20 
(8.19-18.19) (1.64-3.26) 

elday 7.35 1.38 100 18 
(6.39- 8:59) (1.25-1.53) 

Z, 3 4 5.55 1.12 100 9 
(5.31- 5.85) (1.08-1.16) 

Live i, . 9.3 1.18 100 12 
(8.65-10.0 ) (1.12-1.25) 

Z, NR control — — Ome el 

* STs. = Day on which 50% of animals alive. 

All values at P, 0.05; 20 animals per group. 
+ Z= Zymosan; rad day = radiation day; pre- 
R = pre-irradiation; post-R = post-irradiation ; 


NR = non-irradiated. 


day as much as 5.5 days over the control 
value. Pre-irradiation medication on days 
14 or 3 also significantly reduced the ST>» 
day. Injections given 7 days or one hour pre- 
irradiation or one hour post-irradiation pro- 
duced no significant increase or decrease in 
the ST; day. However, total survivals in 
the latter 2 groups were 25 and 35% respec- 
tively as contrasted to only 10% survival in 
the saline control group. The statistical sig- 
nificance of these total survival figures is 
doubtful because of previous work as well as 
the 25% survival in the saline controls in the 
intraperitoneal series. This is also borne out 
by the wide ranges of both the ST) days and 
the slope values. 


Discussion. There can be little doubt that 
zymosan, in the doses and modes of adminis- 
tration reported herein, is not beneficial to 
irradiated mice. Smith(12) has also obtained 
similar results in mice. Thus, the work of 
Ross and Pillemer(1-3) cannot be confirmed. 
However, the conditions under which these 
investigators conducted their experiments 
have not been completely reported so that it 
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is not possible to set up an exact duplicate of 
their work. On the other hand, the statisti- 
cal design and overall range of conditions of 
the experiments reported herein should have 
been sufficient to uncover any beneficial ef- 
fects which zymosan might have in radiation 
injury. Insofar as the mechanism of action 
of zymosan on the properdin system is con- 
cerned, the present work actually gives no in- 
sight into the problem because properdin 
titers were not measured. The increased rate 
of mortality observed with post-irradiation 
medication might have been the result of de- 
pletion of properdin in the blood. However, 
previous work from this laboratory(6-11) in- 
dicates that the irradiated animal reacts ad- 
versely to medication during the first post- 
irradiation week. Compounds like vit. E 
which are non-toxic in normal animals cause 
an increase in both the rate of and total mor- 
tality, if given after irradiation(7). 


Summary. Pre-medication with 5 mg/kg 
of zymosan intravenously or intraperitoneally 
did not significantly increase survival in ir- 
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radiated mice. With intravenous injections 
of 125 mg/kg on pre-irradiation days 14 and 
3, a significant reduction in the ST59 day was 
observed. Similar results were obtained with 
both doses when injections were given after 
irradiation. The beneficial effects of zymosan 
in the treatment of radiation injury in mice 
reported by Ross and Pillemer could not be 
confirmed. 


1. Ross, O. A., Moritz, A. R., Walker, C. J., Wurz, 
L., Todd, E. W., and Pillemer, L., Fed. Proc., 1955, 
v14, 418. 

2. Pillemer, L., and Ross, O., Science, 1955, v121, 
BD 

3. Pillemer, L., Trans. N. Y. Acad. Sci., 1955, v17, 
526. 

4. Haley, T. J., and Harris, D. H., Science, 1950, 
vl111, 88. 


Effect of Hyaluronidase on the Cat’s- Brain. 
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Instituto de Endocrinologia Experimental, Madrid, Spain.* 


The existence of interstitial spaces between 
elements constituting the nervous system has 
been assumed. Investigations of Bairati and 
Mattioli(1,2) confirmed and proved the ex- 
istence of these interstitial spaces which prob- 
ably were designed for the flow of cerebro- 
spinal fluid. The experiments of Bairati(3), 
Bairati and Tripoli(4), Bairati and Patterno 
(5), Bartoli and Bertaccini(6), and Massari 
and Marsico(7) demonstrated by histochemi- 
cal tests on different groups of animals the 
existence of a ground substance, the main ele- 
ment of which is a mucopolysaccharide or a 
mucoprotein contained in the interstitial 
spaces of the nervous tissue. The results of 
Hotchkiss’ reaction were clearly positive in 
nervous tissue of fishes, amphibia, and lower 
mammals, whereas the results were doubtful 
when the test was performed on the brain of 
birds and higher mammals. These authors 
studied the behaviour of the nervous tissue un- 
der the influence of hyaluronidase and proved 


* Instituto Cajal, Madrid. 


that the ground substance is affected by hyal- 
uronidase, which allows a more rapid and ex- 
tensive diffusion of the injected liquids and 
an easier mechanical dissociation of frag- 
ments of nervous tissue. Thus mucopolysac- 
charide may be present in interstitial spaces of 
the nervous substance. Freedman(8) also 
proved by means of histochemical reactions 
the existence of a substrate hydrolyzed by 
hyaluronidase, probably hyaluronic acid, in 
the nervous system, i.e. in the cerebral cortex, 
nucleus caudatus, and thalamus. Recently, 
Hess(9) stated too that the ground substance 
of the nervous tissue is a mucopolysaccharide, 
rather than a mucoprotein; since it is not hy- 
drolyzed by pepsin, trypsin, or pancreatin. 
Hess found that hyaluronidase had no effect, 
and this indicates that this substance is not 
hyaluronic acid. In the present work, the be- 
haviour of the nervous tissue under action of 
the hyaluronidase enzyme was examined. 
Materials and methods. 13 young adult 
cats of both sexes were used, with a weight of 
1.5-2 kg. All animals were operated on under 


HYALURONIDASE ON CAT’s BRAIN 


aseptic conditions and ether anesthesia. Sym- 
metrical points of the skull were opened, and 
after incising the duramater, the following 
procedures were carried out. In the first test, 
on 2 animals, a superficial wound of the 
cerebral cortex was made by application of 
the trephine on both sides of the chosen area 
for 10 seconds. After stopping the hemor- 
rhage, a square piece of paper 7 mm side 
length, soaked in physiological saline solution 
was applied to the control side. On the other 
side, another piece of paper of the same form 
and size was applied, which immediately be- 
fore had been soaked in a recently prepared 
hyaluronidase solution (30 units of Schering’s 
“Kinaden” in 0.1 ml of physiological serum). 
Both wounds were covered with a piece of cel- 
lophane paper applied to the bone between it 
and the muscles. After closing the wound, 
10 ml of a solution of Merck’s trypan blue of 
1% in physiological serum was injected intra- 
venously and repeated every 3 hours. The 
animals were sacrificed 10 hours later by 
bleeding under anesthesia. In the second 
test, 2 cats were treated in the same way, but 
the quantity of hyaluronidase used was 10 
units. Trypan blue was 20 ml divided into 2 
injections separated by 40 minutes. The ani- 
mals of this group were sacrificed 10 hours 
later. In the third test, cerebral lesions were 
made by application to the cortex of a square 
piece of paper, 5 mm side length, soaked with 
carbol-xylol. This was kept in contact with 
the cortex for 40 seconds. Thereafter, the 
symmetrical points of the cortex treated in 
this way were irrigated with serum at 37° and 
then the animals were treated exactly as in 
the first test. One of the animals was sacri- 
ficed 2 hours after, and the remaining 2 after 
a period of 10 hours. In the fourth test, 4 
cats were treated with hyaluronidase inacti- 
vated by heat, the enzyme having been dis- 
solved in serum at 70° and the solution in- 
cubated one hour at 70°. The experimental 
procedure was the same as in the third test. 
Two animals of this group were sacrificed and 
the remaining ones 10 hours after. In the 
fifth test, in 2 cats a deep injection of 0.2 ml 
of trypan blue solution at 1% in physiological 
serum containing 20 units of Kinaden was in- 
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jected deeply into the cortex on one side. In 
a symmetrical point of the cortex of the other 
side, a 0.2 ml of trypan blue dissolved in 
physiological serum at 1% was injected, to 
the same depth and the animals sacrificed 
after a period of 24 hours. The brains were 
fixed in an aqueous formol solution at 10% 
and afterwards examined microscopically 
with a magnifying glass. 

Results. In cats of the first test, a larger 
diffusion of the dye was seen on the side 
which had been treated with hyaluronidase 
(Fig. 1-A). The stain is broader on the 
treated side than on the control side to which 
physiological serum had been applied. 

In the second test the results were analo- 
gous. On the side treated with hyaluronidase 
the dye extended over a broader area than 
that which was reached on the control side. 
The diffusion area was smaller in this test 
than in the first one. 

In the third test, the results were exactly 
the same as in the previous ones. 

In the fourth test, in which the hyaluroni- 
dase had been inactivated by heat, the diffu- 
sion area of the dye was essentially the same 
on both sides. (Fig. 1-B). 

In the fifth test, the dye formed on the 
control side a small sediment of quite precise 
limits while on the side in which hyaluroni- 
dase had been injected, it had spread into the 
adjoining area, in the immediate nervous tis- 
sue following the needle’s course and forming’ 
a halo of pale blue color. 

Discussion. The béhavior of the nervous 
tissue in the presence of the hyaluronidase en-' 
zyme was also studied by Bairati(10) using 
the method of injection—at low pressure—of 
coloring substances (India ink) diluted in 
solutions of the “enzyme with physiological 
serum. Injections were performed in nervous 
tissue obtained immediately after death and 
in living animals. In the technic applied 
by Bairati, the quantity injected is not ex- 
actly determined and the pressure at which 
the injection is performed cannot be regulated 
with accuracy, a fact which possibly may in- 
fluence the degree of diffusion of the coloring 
substance thus rendering doubtful the inter- 
pretation of the results. 
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A. First test. Left side treated with hyaluronidase. Right side (control) treated with 
physiological serum. Notice broader diffusion of coloring substance on left side. B. 


Fourth 


test. Left side treated with hyaluronidase inactivated by heat. Diffusion area of coloring ele- 
ment is approximately the same as on the right (control) side. 


The technic used in our experiments avoids 
any such errors. Passage of the dye takes 
place through the blood vessels at the same 
pressure and at the same concentration on 
both sides, and the animal serves at the same 
time for test and control. 

It can be deduced from our results that in 
the area of the cortex to which the enzyme 
was applied, the diffusion of the dyestuff is 
greater than on the control side. The degree 
of diffusion was influenced by concentration 
of the enzyme in the tested solution, and by 
the time over which it was allowed to act. 
This effect of the enzyme disappears when it 
is inactivated. 

These results indicate the existence of a 
substance—probably hyaluronic acid—in the 
cerebral cortex of the cat which is susceptible 
to the action of the hyaluronidase. 

Summary. 1) The existence of a substance 
susceptible to the action of hyaluronidase in 
the cat’s brain is demonstrated. 2) The ac- 
tion of hyaluronidase on the cerebral sub- 


stance is influenced by the concentration of 
the enzyme and by the duration of its ac- 
tion. 3) When the enzyme is activated by 
heat, the effects of the diffusion factor on the 
nervous system disappear. 
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In vitro Metabolism of DL-Alanine-2-C-14 and Glycine-2-C-14 by 


Trichinella spiralis Larvae.* 
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LAWRENCE V. HANKES AND RiIcHARD D. STONER. 
(Introduced by Donald D. Van Slyke.) 


Medical Department, Brookhaven National Laboratory, Upton, L. I., N. Y. 


Recent work from this laboratory(1) has 
shown im vivo incorporation of carbon-14 by 
immature and encysted Trichinella spiralis 
larvae from mice fed C!4-labeled amino acids. 
When glycine-2-C-14 and dl-alanine-2-C-14- 
labeled diets were fed to mice with Trichinella 
infections of 14 and 56 days’ duration, the 
larvae incorporated C' indicating that they 
were exchanging metabolites with the host. 
Encysted larvae in 180-day infected mice also 
incorporated significant levels of C' from the 
tissues of mice fed glycine-1-C-14 and dl-ala- 
nine-1-C-14 diets, showing an active metab- 
olism by well encapsulated muscle larvae. 

In the present study, Trichinella larvae 
were isolated from host tissues by pepsin di- 
gest and cultured in media containing dl- 
alanine-2-C-14 or glycine-2C-14. This report 
concerns in vitro incorporation of Cl by 
muscle larvae and metabolism of C™ into lar- 
val protein from C1-labeled amino acids. 

Materials and methods. Trichinella larvae 
were obtained from stock mice with infections 
of 4 months’ duration. The muscle larvae 
were freed from their cysts by pepsin digest, 
separated from undigested materials and 
washed to remove soluble digestion products, 
as previously described(1). The Krebs- 
Ringer bicarbonate solution was prepared 
using the procedure outlined by Cohen(2). 
Normal mouse serum and Krebs-Ringer solu- 
tion were used to prepare 4 types of media as 
follows: a) a 50-50 mixture of mouse serum 
and Krebs-Ringer solution containing gly- 
cine-2-C-14; b) a 50-50 mouse serum and 
Krebs-Ringer solution containing dl-alanine- 
2-C-14; c) Krebs-Ringer solution with gly- 
cine-2-C-14; and d) Krebs-Ringer solution 
with dl-alanine-2-C-14. A 2 ml sample from 
each medium was saved to determine C™ con- 


* Research supported by the Atomic Energy Com- 
mission. 


tent prior to incubation with Trichinella lar- 
vae. Beckman pH meter determinations of 
the media gave pH values of 7.68 for the 
serum Krebs-Ringer media and pH 7.61 for 
the Krebs-Ringer media. The values for to- 
tal C!* activity and free amino acid concen- 
tration in the media are shown in Tables I 
and II. Aseptic technic was used to prepare 
4 series of 50 ml culture flasks containing 10 
ml of the C14-labeled media. Approximately 
100,000 larvae were introduced into each cul- 
ture flask by pipette suspension in 0.5 ml of 
0.85% saline. Penicillin G Potassium (Led- 
erle) 1,000 units and 1,000 yg of Dihydro- 
streptomycin Sulfate (Lilly) in 0.2 ml volume 
were added to each flask to control bacterial 
growth. Thus, each flask contained a total 
volume of 10.7 ml of the C'*-labeled media. 
The serum-Krebs-Ringer culture flasks were 
incubated at 37.5°C for periods of 3, 6, 12, 
24, and 48 hours. The Krebs-Ringer culture 
flasks were incubated at the same time for 
periods of 6, 24, and 48 hours. During in- 
cubation the flasks were shaken at 50 cycles 
per minute. At the end of each incubation 
period, the larvae were separated from the 
culture media by centrifugation at 1,000 
rpm. The larvae were washed 6 times in 50 
ml distilled water and the supernatant drawn 
off by aspiration. Live Trichinella larvae 
settle out rapidly, while the dead larvae, if 
present, float and are lost in the supernatant. 
Microscopic examination of the washed lar- 
vae just prior to lyophilization revealed only 
motile larvae. The following procedure was 
devised to obtain total soluble and insoluble 
larval protein for C'* analysis. Lyophilized 
larvae (7 mg) samples were weighed in spe- 
cially modified 12 ml centrifuge tubes. The 
tubes were fitted with removable base tips. 
The larval material in the base tip was sus- 
pended in 0.15 ml of 10% sodium tungstate 
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and precipitated with 1 ml of 24 N H2SOx. 
The precipitated larval protein was centri- 
fuged into the tip of the tube at 2,200 rpm. 
The material in the tip was resuspended in 
0.15 ml sodium tungstate, precipitated again 
with acid and centrifuged. The process was 
repeated once more and the samples dried in 
a high vacuum oven at 30°C. The centrifuge 
tips containing the larval proteint were re- 
moved and placed in Van Slyke carbon com- 
bustion tubes for analysis. All lyophilized 
larvae and larval protein samples were ana- 
lyzed for C1* using the methods of Van Slyke 
et al.(3,4). 

Results. The first experiment was designed 
to test 7m vitro the ability of T. spiralis larvae 
to metabolize glycine-2-C-14 when cultured in 
a serum-Krebs-Ringer medium and a chem- 
ically defined Krebs-Ringer medium. The 
total activity (cpm) of C* per flask and 
period of incubation for each culture are 
shown in Table I. It is evident from the data 
that the larvae actively incorporate glycine- 
2-C-14 throughout the 48-hour period of in- 
cubation in both types of media. The larvae 
cultured in the Krebs-Ringer medium incor- 
porated more C™ than the larvae cultured in 
the serum-Krebs-Ringer medium. This is of 
interest in that the total activity (cpm) per 
flask was higher in the serum-Krebs-Ringer 
medium than in the Krebs-Ringer medium. 
This may indicate an acceleration of glycine- 
2-C-14 metabolism when it is the only amino 
acid present in the medium and also suggests 
that the larvae utilized unknown metabolites 
present in the serum. The amounts of serum 
free amino acid (glycine) and C1-labeled 
glycine per flask are shown in Table I. When 
isotope dilution of the C'*-labeled amino acid 
by the free amino acids of serum is consid- 
ered, the actual uptake of glycine by the lar- 
vae in the serum media may be greater than 
indicated by the C' values. The incorpora- 
tion of (C14 by larvae in the Krebs-Ringer cul- 
ture during the first 6 hours was less than half 
the amount found in the larvae incubated for 
6 hours in the serum-Krebs-Ringer medium. 


+ The material precipitated by tungstic acid will be 
referred to as “protein”; it presumably includes 
lipids, purines and primidines of nucleic acids. 
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Apparently, the larvae in the chemically de- 
fined Krebs-Ringer medium required a period 
of adaptation to the medium and in the follow- 
ing 6- to 24-hour period of incubation in- 
corporated glycine-2-C-14 at a more rapid 
rate. 

In the second in vitro experiment, the 
metabolism of dl-alanine-2-C-14 by Trichi- 
nella larvae was studied. The total activity 
(cpm) of C1 per flask and period of incuba- 
tion for each culture are shown in Table II. 
The larvae were taken from the same pool of 
isolated muscle larvae used in the first experi- 
ment. The cultures were incubated at the 
same time as the cultures in the first experi- 
ment. The data in Table II indicate that the 
larvae were able to metabolize dl-alanine-2-C- 
14 although not as extensively as found with 
glycine-2-C-14. During the first 6 hours of 
incubation, the larvae incorporated more C!* 
from the dl-alanine-2-C-14 serum-Krebs- 
Ringer medium than from the Krebs-Ringer 
medium. Although the C' activity (cpm) 
of the serum-Krebs-Ringer medium was 
higher than the Krebs-Ringer medium, the 
6- and 24-hour period of incubation demon- 
strated a more rapid rate of C'* uptake by 
the larvae in the Krebs-Ringer culture, than 
in the serum-Krebs-Ringer culture. If, in the 
48-hour serum cultures one assumes that the 
same proportion of the l-alanine, added with 
the free amino acids of the serum, is incor- 
porated as of the l-alanine in the added C-14- 
dl-alanine, the total amount of alanine incor- 
porated is estimated to be about 5 times the 
amount incorporated in the 48-hour Krebs- 
Ringer cultures. 


Table III shows the per cent incorporation 
of C1 into total larval protein by Trichinella 
larvae cultured 48 hours in the 4 types of 
media. A higher concentration of C1* was 
found in the total protein obtained from lar- 
vae cultured in either glycine-2-C-14 or ala- 
nine-2-C-14-labeled Krebs-Ringer media as 
compared with the C14-labeled serum-Krebs- 
Ringer media. Although the total C1 level 
of the serum-Krebs-Ringer media was higher 
than the Krebs-Ringer media (Tables I and 
III), the larvae incorporated less C'* into 
protein when they were incubated in the 
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TABLE III. Influence of Composition of Media upon Protein Metabolism of 48 Hour Ineu- 
bated Trichinella Larvae. 


Amino acid 


-——Glycine-2-C-14—_, 


—Dl]-alanine-2-C-14—, 


Serum and Serum and 
Media Krebs- Krebs- Krebs- Krebs- 
Ringer Ringer Ringer Ringer 
solution solution solution solution 
epm/mg of lyophilized larvae 19,634 23,362 670 959 
cpm in protein from 1 mg lyophilized larvae 138,660 19,712 212 ? 545 
% OC incorporated into larval protein 69.6 84.4 31.7 56.8 
serum media, indicating that they utilized tion. 3. The larvae incorporated more Ci 


metabolites present in normal mouse serum. 


The C1 activity from glycine-2-C-14 was 
incorporated into larval protein material in 
higher quantity than alanine-2-C-14 regard- 
less of the media used. Glycine, in addition 
to its incorporation into protein peptides as 
glycine, may be converted into other amino 
acids which are eventually incorporated into 
protein. Furthermore, there is the possibility 
of incorporation of glycine into purines and 
pyrimidines of the nucleo-proteins. The 
higher values of C'™ activity from alanine-2- 
C-14 in nonprotein larval material suggests 
that the larvae are able to convert alanine 
into nonprotein components, such a glycogen, 
glucose-1-PO, and others via the pyruvate 
pathway. 

Summary. 1. Trichinella spiralis larvae 
incorporated C'* when cultured in vitro in a 
serum-Krebs-Ringer medium or _ Krebs- 
Ringer medium containing either dl-alanine- 
2-C-14 or glycine-2-C-14. 2. Carbon-14 
analysis of the larvae revealed a progressive 
uptake of the C!*-labeled amino acids in both 
types of media through 48 hours of incuba- 


activity (cpm) from glycine-2-C-14-labeled 
media than from dl-alanine-2-C-14-labeled 
media. 4. Of the total C'™ incorporated by 
larvae cultured 48 hours in glycine-2-C-14-la- 
beled media about 70 to 84% was precipi- 
table by tungstic acid, and was presumably 
chiefly in the proteins. Larvae cultured in 
the dl-alanine-2-C-14-labeled media incorpor- 
ated about 32-57% of their total C’* con- 
tent into material precipitable by tungstic 
acid. 
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Rhoda Palter and Alina Jakubowski. 


1. Stoner, R. D., and Hankes, L. V., Exp. Parasitol., 
1955, v4, 435. 

2. Cohen, P. P., Manometric Techniques, Burgess 
Pub. Co., 1945, 193. 

3. Van Slyke) D: Di Steele, (Re and) Plazin a. 
J. Biol. Chem., 1951, v192, 769. 

4. Sinex, F. M., Plazin, J., Clareus, D., Bernstein, 
W., Van Slyke, D. D., and Chase, R., ibid., 1955, 
v213, 673. 

5. Albritton, E. C., Standard Values in Blood, Air 
Force Technical Report, No. 6039, 1951, 99. 


Received February 15, 1956. P.S.E.B.M., 1956, v91. 


Effect of Intravenous Administration of Lactate on Blood Pyruvate Level 


in Man. 


(22289) 


Mark D. ALTscHULE, Grorce M. PERRIN, AND Puytits D. HoLtipay. 


Laboratory of Clinical Physiology McLean Hospital, Waverley, and the Department of Medicine, 
Harvard Medical School, Boston, Mass. 


The role of circulating lactate in body 
metabolism is not entirely clear. On the one 
hand, the concept of the Cori cycle implies 
that most or all circulating lactate becomes 


glycogen in the liver; on the other hand, 
there is ample evidence that lactate can serve 
as a source of energy in some organs(1). 
Knowledge of whether the blood pyruvate 
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level changes after intravenous infusion of 
lactate should afford some evidence concerning 
whether or not lactate enters the general 
metabolic pool. Accordingly, the former was 
studied in normal human subjects. 


Material and methods. Eight subjects, 
ranging in age from 18 to 30 years, were used; 
3 were women. All were well nourished and 
had taken, in addition to their usual diets, 
added amounts of carbohydrate for at least 
three days before receiving the lactate infu- 
sion. The studies were made with subjects 
recumbent after a fast of 14 hours and a rest 
of at least half an hour. Each subject was 
given an intravenous infusion of 17.4 g of 
sodium d-lactate, dissolved in 500 ml of iso- 
tonic sodium chloride solution, in 30 minutes. 
Blood samples were taken before, and at 15- 
minute intervals for one hour after, the start 
of infusion. The method of Barker and 
Summerson(2) was used to measure blood 
lactic-acid concentration; the method of Selig- 
son and Shapiro(3) was used to measure 
blood pyruvic and a-ketoglutaric acid concen- 
trations. In addition, 4 subjects, including 
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one who had received a lactate infusion, were 
given 50 g of glucose intravenously under 
similar experimental conditions; blood pyru- 
vate concentrations were measuréd before 
and immediately after infusion. 


Observations. The blood pyruvate level 
rose during and after infusion of sodium d- 
lactate (Fig. 1); the average rise at the end 
of infusion was 0.55 mg per 100 ml of blood, 
or 89% of average control value of 0.62 mg 
per 100 ml. After infusion blood pyruvate 
level usually fell more slowly than did blood 
lactate concentration (Fig. 1). 

Blood a-ketoglutaric-acid concentration 
rose in 6 experiments (including 2 in which 
a slight initial fall occurred). It was un- 
changed in 1 and fell in 1 during and after 
lactate infusion (Fig. 2). 

Intravenous administration of 50 g of glu- 
cose in 30 minutes caused no rise in blood py- 
ruvate level in any of four experiments. 

Discussion. Increasing circulating blood 
lactate concentration in normal man caused 
a striking increase in blood pyruvate level. 
There was no good correlation between rise 


IS 30 45 .60 Oo '5 30 45 60 


MINUTES AFTER START OF LACTATE INFUSION 


FIG. 1, Changes in blood lactic (solid line) and pyruvie (broken line) acid concentrations dur- 
; ing and after infusion of sodium d-lactate. 
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in blood lactic acid level and that of blood 
pyruvic acid concentration. Of 3 subjects 
who showed smallest increases in blood pyru- 
vate concentration, 1 excreted large amounts 
of lactate in the urine. The other 2, on the 
other hand, showed large increases in blood 
lactate; hence urinary excretion of that sub- 
stance could not account for the small rises 
in blood pyruvate concentration. 

The present data allow no conclusions 
about quantitative relations between lactate 
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FIG, 2. Changes in blood q-ketoglutarie acid con- 
centration during and after infusion of sodium d- 
lactate. 
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administration and pyruvate formation, for 
several reasons: 1) Varying amounts of lac- 
tate were excreted in the urine; 2) there is 


no evidence that rate of removal of pyruvate 


from circulation was the same in all cases; 
and 3) it is probable that rate of transforma- 
tion of lactate to pyruvate was not uniform 
among the subjects. No information is avail- 
able concerning the site where lactate was 
changed to pyruvate under conditions of the 
experiment. 

It is evident that circulating lactate can 
contribute rapidly and in significant degree 
to the general metabolic pool in resting, fast- 
ing, well-nourished man. The rise in blood 
a-ketoglutaric-acid level that usually accom- 
panied the rise in pyruvic-acid concentration 
supports this conclusion. Actually, the rise in 
blood pyruvate concentration that occurred 
after a half-hour infusion of 17.4 g of lactate 
was far greater than that which occurred 
after a half-hour infusion of 50 g of glucose. 
This fact suggests that lactate enters the 
metabolic pool far more rapidly than does 
glucose. 

Conclusion. The striking rise in pyruvate 
concentration that accompanies the infusion 
of lactate in fasting, resting human subjects 
indicates that circulating lactate contributes 
to the general metabolic pool. 
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Cytological Response in Embryonated Eggs to Inoculums from Cases of 


Common Cold Infection.* 
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Studies on common cold infections have 
involved principally transmission studies in 
human volunteers. Frequently, the resulis 
of such studies have been difficult to evaluate 
because of the variable human susceptibility 
and the indecisive clinical criteria for diag- 
nosis of the common cold syndrome. Human 
inoculation experiments have served to dem- 
onstrate that common cold infection is a tran- 
sient air borne viral disease(1,2), limited in 
pathogenicity to man and ape,(3,4). Propa- 
gation of the etiological agent in cultures of 
human tissues has been reported(5). Propa- 
gation of common cold agents in embryonated 
eggs has been affirmed(6-10) and denied 
(4,11) but in all instances the decisions rested 
on the response of human volunteers to ex- 
perimental inoculations. 

Recent observations have indicated that 
the propagation of influenza and mumps 
viruses in embryonated eggs was accompan- 
ied by an increase in numbers of histiocytes 
in the allantoic fluid (AF). Parallel studies 
by hemagglutination and histiocyte counts in- 
dicated that both of these effects occurred si- 
multaneously. This non-specific. cellular re- 
action was inhibited by antiserums mixed with 
the viral agents prior to inoculation, thereby 
affording some basis for identification of the 
agent. Using this as a reference point, less 
well recognized pathogens were studied for 
similar effect in AF. By following the cyto- 
logical response in serially passaged AF in 
incculated eggs, this effect was demonstrated 
with serum inoculums from acute cases of 
clinically diagnosed infectious and serum 
hepatitis(12,13). Nasal washings from clin- 
ically diagnosed cases of common cold were 
similarly studied in embryonated eggs and in- 
creased numbers of histiocytes in the AF 


* Supported by funds provided under contract 
with the USAF School of Aviation Medicine, Ran- 
dolph Field, Texas. 


were associated with such inoculums(14). 
Control inoculums from cases of allergic rhin- 
itis have been negative. The experimental 
data on which these observations were based 
are described below. 

Methods. Standard strains of influenza A, 
A‘, and B virusest were each inoculated into 
the AF of six 9 day embryonated eggs. After 
2 days of additional incubation the eggs were 
stored at 4°C overnight and blood-free AF 
was aspirated by syringe and needle. A 20 
ml aliquot of each pooled AF was centrifuged 
at 2000 rpm for 20 minutes, the supernatant 
fluid was quickly decanted, and the sediment 
was resuspended in the residual fluid. A 
standard “Breed” loopful of the sediment 
was transferred to a 1 sq cm area on a clean 
glass slide. Duplicate smears of each speci- 
men were air dried, stained with Wright’s 
stain, and air dried. The total number of 
histiocytes in 100 consecutive fields was de- 
termined with a 5 X ocular and an oil immer- 
sion lens. The histiocytes referred to are 
mononuclear basophilic cells in which a dis- 
tinct cytoplasm can be detected. In contrast 
to the rigid cell wall of the erythrocyte line 
of cell, the histiocyte was undulant. Blood 
in the AF was minimized by killing the em- 
bryos with refrigeration. Groups of 7 day 
embryonated eggs were inoculated into the 
chorioallantoic cavity with allantoic fluid 
containing mumps virus (Enders strain). 
Four days later the inoculated eggs were 
stored overnight in the refrigerator and the 
AF, collected on the morning, was processed 
for histiocyte content and hemagglutination 
titer. Controls for such inoculations con- 
sisted of normal AF, fluids from eggs previ- 
ously inoculated with normal AF, and heated 
influenza and mumps viruses (61°C/30 min- 
utes). The AF specimens were simultane- 


t Obtained from American Type Culture Collec- 
tion, Washington, D.C. 
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ously examined for hemagglutinins with 
chicken erythrocytes(15). Antiserums from 
chickens, specifically immunized against the 
3 influenza types, were mixed equal parts 
with viral inoculums and their im ovo effects 
on hemagglutinin production and _histiocyte 
counts were determined. Nasal washings 
were collected from 21 human patients (medi- 
cal students) having acute afebrile rhinitis, 
a syndrome coinciding with the conventional 
description and history of common cold. 
These cases occurred during the winter sea- 
son and by careful selection those having a 
history of allergic rhinitis were excluded. 
Nasal washings were collected within 12 
hours after onset of illness and a second speci- 
men was collected 2 weeks later when the pa- 
tient was asymptomatic. Five ml of sterile 
rabbit serum (2%) in physiological saline 
was instilled into the nostrils of the reclining 
patient and the fluid was permitted to run 
from the nostrils into a petri dish when the 
patient sat up. The nasal washings were 
treated with penicillin (1200 units per ml) 
and streptomycin (100 pg per ml), then 0.1 
ml was inoculated into the allantoic cavity 
of six 7-day embryonated eggs. The shell 
holes were sealed and the eggs were incubated 
for 4 additional days at 38°C. The live em- 
bryos were then killed by overnight storage 
at 4°C. The allantoic fluid was collected and 
examined for histiocytes by the technic de- 
scribed above and the number of histiocytes 
per 100 oil immersion fields was recorded. 
Serial passages of AF were made with 0.1 ml 
into the allantoic cavity of 7-day eggs. Con- 
trol inoculations consisted of normal allantoic 
fluid, heated inoculums (61°C/30 minutes), 
and convalescent nasal washings. Additional 
control inoculums consisted of nasal washings 
from 23 individuals with acute allergic rhini- 
tis. The diagnosis was based on a history of 
allergic episodes following exposure to known 
allergens and on the microscopic detection of 
numerous eosinophilic leukocytes in the 
nasal effluent. The nasal washings were col- 
lected in physiological saline and stored at 
20°C and subsequent manipulation in eggs 


+ Stained with “Hansel” stain, Lide Laboratories, 
St. Louis, Mo. 
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followed the technic described above. 


It is essential to the accuracy of the test 
procedure that eggs of superior quality be in- 
cubated under carefully controlled conditions, 
especially with regard to temperature and 
humidity. Abnormal number of histiocytes 
were encountered in the AF of uninoculated 
eggs when they were.exposed to high tempera- 
tures during the shipment to the laboratory. 
The eggs used during the cool time of the 
year were uniformly satisfactory. Experi- 
mental procedures were performed at least in 
duplicate and all fluids were cultured for bac- 
terial content in thioglycollate medium. 


Results. The propagation of influenza and 
of mumps viruses was accompanied by the ap- 
pearance of hemagglutinins and of histiocytes 
in the AF (Tables I and II). The cell counts 
significantly exceeded the normal levels (Fig. 
1). Both histiocyte and hemagglutinin pro- 
duction were specifically reduced by treat- 
ment of -inoculums with homologous anti- 
serums (Table I). Histiocyte counts and 
hemagglutinins were negative at the same 
titration end-point in eggs (Table II). 


Antibiotic-treated nasal washings from 15 
of 21 common cold patients induced increased 
numbers of histiocytes in the AF of inocu- 
lated eggs. Hemagglutinins could not be de- 
tected. The embryos did not die as a result 
of such inoculations. The counts ranged from 
borderline with 5 specimens to marked in- 
creases with 10 specimens (Fig. 1). Subse- 
quent inquiries of the donors revealed that 3 
of the negative specimens were collected later 
than 24 hours after onset of illness. The nor- 
mal limit of 15 cells per 100 fields was not 
exceeded with AF from passage of “normal” 
AF and with AF from uninoculated eggs. The 


TABLE I. 
Viruses. 


Serum Neutralization of Influenza 
Detection by histiocyte count and by 
hemagglutination technies. 


Without + antiserum for influenza 

Virus serum A UNG B 
A 360/ 640* O70) 177/320" 11407320 
A’ 104/2560 224/ 640 1/ 0 143/640 
B 1927 160 312/1280 316/640 OAS 10) 


“No. of histiocytes per 100 fields/reciprocal of 
hemagglutination titer. 
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TABLE II. Titration of Incculums in Embryonated Eggs. 
i No. of histiocytes per 100 oi] immersion fields — 
Agent LO a WO KO 10+ 10-° MOx6 107 LOS 
InfluenzaA —  — 200+4+/1280* 180/2560  266/2560 200/250 0/ 0 — = 
< A’ — 200+ /2560 237/2560 210/2560 288/2560 152/1280 102/320 0/0 
‘2 B — 182 /1280 151/1260 154/ 640 ay 0 — 
Mumps 46/160 47 / 160 oy NEO) se 
* Histiocyte count/hemagglutinin titer. — 
effect of nasal washings from the 11 conval- TABLE III. Histiocyte Response to Inoculums 


escent patients who were available contrasted 
markedly with that of their specimens col- 
lected during the acute stage of illness (Fig. 
2): none of the convalescent specimens en- 
gendered counts in excess of the normal limit. 
These were collected and processed by the 
same method as the acute specimens. Simul- 
taneous inoculations into groups of eggs of 
untreated and of heated nasal washings indi- 
cated that the agent responsible for the high 
histiocyte count was thermolabile (Fig. 3). 


Smears from allergic rhinitis tissues re- 
vealed numerous eosinophilic leukocytes, 
whereas smears from the common cold cases 
contained numerous epithelioid mononuclear 
cells, and ‘varying numbers of neutrophilic 
leukocytes, the latter predominating during 
the later stages of illness. Nasal washings 


HISTIOCYTE COUNTS IN CHORIOALLANTOIC 
FLUID POOLS 


CELLS PER 100 FIELDS 


NORMAL 
LEVEL 


COMMON COLD 


NO INOCULUM 
NORMAL CAF 

by 

5 NASAL WASH 

— 


INFLUENZA 
MUMPS 


from 23 Patients with Allergic Rhinitis.* 


Histioeytes 


-—— Date nasal wash —~ in AF/100 
Collected Tnoculated fields 
9-13-55 9-16-55 ibn 
10- 1 10-— 5 4 

1 5 3 
13 14 5 
14 14 4 
14 14 8 
14 14 3 
14 18 0 
14 18 10 
14 25 6 
24 26 10 
24 26 5 
21 26 if 
24 26 4 
2 1l- 9 5 

11l- 1 2 4 

4 9 itt) 

4 9 4 

4 9 3 

8 9 3 

8 9 4 

8 9 4 

1— 9-56 1-10-56 15 


* Numerous eosinophilic leukocytes noted in 
smears of nasal effluent. 


from 23 cases of acute allergic rhinitis failed 
to induce histiocytes in excess of the normal 
limit (Table III). Nasal washings collected 
during the same period from common cold 
patients showed in 7 of 8 instances increased 
numbers of histiocytes in inoculated eggs. 
(Table IV). 


TABLE IV. Histioeyte Response to Inoculums 
from 8 Cases of Afebrile Rhinitis (Common Cold). 


Histiocytes 


-— Date nasal wash ~ in AF/100 
Collected Inoculated Nasal smear fields 
10-24-55 10-26-55 Epithelial cells 64 
3 11- 9 Mononuclear cells 62 

11i— 8 9 Rare eosinophiles 100+ 

11 16 Epithelial cells 17 

18 18 No cells 30 

21 23 Epithelial cells 70 
12- 8 12— 9 Idem 75 

1— 5-56 es 


1-10-56 65 
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Passage of AF, from eggs in which high 
counts had been engendered with acute com- 
mon cold specimens revealed high counts dur- 
ing the succeeding 5 and 6 passages. There- 
after the majority of cell counts declined 
abruptly to normal levels. Continued pas- 
sage was accompanied by irregular rises and 
falls in cell counts. Serial passages of AF 
from uninoculated eggs induced no significant 
cell counts in AF. Hemagglutination could 
not be demonstrated in any of the passaged 
AF which originated from the acute common 
cold cases. Bacterial agents could not be 
demonstrated in any of the fluids by micro- 
scopic and by culture technics. 

Discussion. The cytological content of AF 
appears to reflect viral activity, as has been 
demonstrated in parallel studies for hemag- 
glutinin and histiocyte counts in influenza 
and mumps-infected allantoic fluids. Both 
technics were equally sensitive. A similar in- 
terpretation might be ascribed to this cyto- 
logical response by inoculums from acute 
common cold cases. When the acute nasal 
washings were treated at 61°C for 30 min- 
utes, this response was negated. Further- 
more, the histiocyte response did not occur 
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EFFECT OF HEAT (61°c /30') ON COMMON COLD 
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with nasal washings collected from the same 
patients during convalescence. The agent re- 
sponsible for the histiocyte response may not 
be the etiological agent of common cold in- 
fection; however, its chronological associa- 
tion with the syndrome is suggestive of that 
possibility. If latent viral agents were re- 
sponsible for the histiocyte response, they 
should have been demonstrable in the con- 
valescent nasal washings. 

The significance of these results is further 
supported by the failure of nasal washing 
from allergic rhinitis cases to engender a sig- 
nificant histiocyte response in AF. Such al- 
lergic manifestations were often clinically in- 
distinguishable from the acute cases of com- 
mon cold. The conditions under which the 
specimens were collected had no influence on 
the results, since all specimens were collected 
and stored under the same conditions (Tables 
Ill and IV). The agent(s) do not appear to 
be influenza-like, since egg passaged material 
failed to agglutinate chicken erythrocytes. 

The histiocyte response is associated with 
inoculums collected during the acute stage of 
common cold illness. Although this is a non- 
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specific response, it might be rendered sig- 
nificant through inhibition by specific anti- 
serums aS was demonstrated with influenza 
virus (Table I). Neutralizing antiserums, 
prepared in chickens with several strains of 
common cold agent thus far studied, have 
demonstrated more than one antigenic strain. 


It would be premature to say that even one 
common cold agent has been adapted to or 
propagated in the tissues of the embryonated 
egg. The decline of cytological response with 
passage gives no support to this proposition. 
Further studies on optimal passage interval 
and on tissue susceptibility may provide a 
means of adapting such agents to avian tis- 
sues and the process may be revealed through 
the cytological response in the AF of inocu- 
lated eggs. This would provide a technical 
advantage over the use of human volunteers 
for the detection of virus. 


Summary. (1) Influenza and mumps vi- 
ruses induced increased numbers of _histio- 
cytes in the allantoic fluids of embryonated 
eggs. The significance of this response was 
enhanced by coincident hemagglutinin pro- 
duction and by an interference effect on both 
responses by specific antiserums. (2) Nasal 
washings from acute common cold (afebrile 
rhinitis) patients engendered increased num- 
bers of histiocytes in the allantoic fluid of 
embryonated eggs. The agent(s) responsible 
for this cytological response were thermola- 
bile, were not inhibited by penicillin and 
streptomycin, and produced no  detecta- 
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ble growth in bacteriological media. The 
agent(s) were not demonstrable in nasal 
washings collected from the same patients 
during convalescence. (3) Nasal ‘washings 
from cases of acute allergic rhinitis did not 
induce increased numbers of histiocytes in 
the allantoic fluid of inoculated eggs. 
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Like a number of other stressful stimuli, 
typhoid vaccine has been shown to cause stim- 


* Supported by grants from National Institute of 
Arthritis and Metabolic Diseases, U.S.P.H.S.(A-195) ; 
the Upjohn Co., and Merck, Inc. 

+ Trainee, National Institute of Arthritis 
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and 


ulation of the pituitary-adrenal axis in rats 
(1). In human subjects, Arendshorst and 
Falls(2) showed the occurrence of eosino- 
penia following typhoid vaccine administra- 
tion, and Rosen(3) and Conn, e¢ al.(4) dem- 
onstrated increases in urinary 17-ketosteroid 
and “corticoid’” excretion after injection of 
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this material. Bliss and his co-workers(5) 
found that milder febrile stimuli, produced by 
bacterial pyrogen (Piromen®), caused mod- 
erate rises in the levels of plasma 17-OH- 
corticosteroids. 


It seemed that this adrenocortical response 
to a stimulus might afford a means of study- 
ing some of the factors involved in activation 
of the pituitary-adrenal system. In this 
study, an attempt was made to learn whether 
the adrenocortical stimulation depended en- 
tirely on the febrile response to typhoid vac- 
cine, or could be produced in the absence of 
fever. This approach appeared to be of par- 
ticular interest in view of the studies of Brad- 
ley, e¢ al.(6), who found that an antipyretic 
agent inhibited the febrile response to typhoid 
vaccine, but did not prevent certain renal 
hemodynamic changes characteristic of the 
pyrogenic reaction. 


Materials and methods. The patients in- 
cluded in this study were 17 adult men and 
women, in good general health, who were ad- 
mitted to the Institute of Ophthalmology of 
the Presbyterian Hospital for treatment of 
various inflammatory disorders of the eye. 
Typhoid vaccine (obtained from the Depart- 
ment of Health, City of New York—1 ml 
contains 1,000 million killed S. typhosa or- 
ganisms, 250 million killed S. paratyphi A, 
and 250 million killed S. paratyphi B organ- 
isms) was diluted with saline and injected in 
a standardized manner. 5 to 10 million S. 
typhosa organisms (plus 1.25 to 2.5 million 
of both S. paratyphi A and B) were adminis- 
tered in a single intravenous injection, fol- 
lowed in 2 hours by a similar dose. Rectal 
temperatures were taken at hourly intervals. 
Adrenocortical response was assessed by 
measuring changes in plasma 17-OH-corticos- 
teroid levels, determined according to the 
method of Silber and Porter(7) as previously 
described(8). Control blood specimens were 
obtained, and additional specimens were 
drawn at intervals following administration 
of typhoid vaccine (Table I). No rise in 
plasma 17-OH-corticosteroid level was re- 
garded as significant unless values exceeded 
the upper limit of normal. Normal limits in 
this laboratory are 4-28 yg per 100 ml plasma. 
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TABLE I. Effect of Intravenous Typhoid Vaccine i 
on Levels of Plasma 17-OH-Corticosteroids. Time 
in hr after 2nd vaccine injection. 


Plasma 17-OH-corticosteroids, 


1 To 


Max temp., 


Patient iB Control 2 hr 4hr 6 hr 
1 103.8 [meee oY 
103.8 28 42 40 
2 104.8 1s) 59 30 
102.4 ie 32, 
3 103.8 7 40 35 16 
103.4 22 32 
4 102.6 20 40 
5 102.8 Ls 30 
6 105.6 14 53 36 
if 104.2 8 28 29 
105.6 RS 46 34 16 
8 103.8 7 32 
9 103.6 Lyf 36 42 
104.0 19 37 13 
104.8 18 SO) 
10 103.6 Wi 35 
102.6 24 24 
al 104.0 20 43 45 
12 102.6 18 33 22 
102.4 14 38 
13 ~ 104.4 iy 36 
103.4 26 Dili 
14 102.6 16 3 
15 102.4 14 29 ile 


In 7 of the patients, the anti-pyretic, amino- 
pyrine was given over a 24-hour period in a 
dose of 0.6 g every 4 hours. Immediately 
following the last dose of aminopyrine, ty- 
phoid vaccine was administered according to 
the schedule outlined above, with blood sam- 
ples being obtained in the same manner. 
Results. 1. Effect of typhoid vaccine 
alone. In 15 patients, typhoid therapy was 
given on 24 separate occasions. In all 24 in- 
stances, there was a sharp rise in temperature 
to 102.4-105.6°F, occurring within 2 to 5 
hours after the second dose of vaccine. The 
control 17-OH-corticosteroid values fell with- 
in the normal range (Table I). In 22 of the 
24 experiments, plasma 17-OH-corticosteroid 
levels rose, within 2 to 6 hours after the sec- 
ond dose, to values above the normal which 
ranged from 29 to 59 wg per 100 ml plasma. 
These levels were comparable to those at- 
tained in normal subjects after intravenous 
infusion of 25 mg ACTH(9). In 4 of the 
patients, in whom studies were made of diur- 
nal variations in levels of circulating 17-OH- 
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corticosteroids, such abnormally high values 
were not found. In these patients, corticos- 
teroid levels fluctuated within the normal 
range. In 4 additional instances, typhoid vac- 
cine failed to produce a rise in temperature 
above 101°F, and the febrile response was 
delayed. In these cases, plasma corticoster- 
oid levels did not rise above the upper limit 
of normal. 

2. Effect of aminopyrine. In ali 7 patients 
treated with aminopyrine, injection of ty- 
phoid vaccine failed to cause pyrexia above 
100.4°F. In 6 of the patients, there were no 
significant rises in plasma 17-OH-corticos- 
teroid levels, values remaining within normal 
limits (Table II). In the seventh (patient 
#8, Table Il), plasma 17-OH-corticosteroid 
levels rose from 20 to 28 yg per 100 ml, the 
upper limit of normal. It was noteworthy 
that in all 7 subjects, constitutional symptoms 
(malaise, weakness, nausea, chilly sensations) 
occurred despite the absence of fever. Fail- 
ure of plasma 17-OH-corticosteroid levels to 
rise in the aminopyrine-treated subjects did 
not seem attributable to refractoriness to the 
pyrogenic effect of the vaccine. As can be 
seen in Fig. 1, repeat administration of com- 
parable doses of vaccine in the 3 patients re- 
studied without aminopyrine, again caused 
rises in temperature, associated with an in- 
crease in plasma 17-OH-corticosteroid values. 

3. Effect of central nervous system depres- 
sants. (a) Barbiturate. In a single subject, 
1 g of Amobarbital sodium (Na amytal) was 
administered in divided doses before and dur- 
ing standard vaccine injection. The tempera- 
ture rose to 105.6°F within 3 hours after the 


TABLE II. Effect of Aminopyrine on Plasma 17- 
OH-Corticosteroid Response to Intravenous Ty- 
phoid Vaccine. Time in hr after 2nd vaccine in- 


jection. (Patient numbers correspond to those in 
Table I.) 
Plasma 17-OH-corticosteroids, 
Max temp., y Ic 
Patient 210: Controme2 hr brs 6 hr 
] 99.4 25 24 13 
2 99.6 14 17 11 
3 100.4 24 22 24 
8 99.6 20 2 
14 98.6 14 19 
16 99.0 27 27 


Wye . 98.4 28 20 
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second dose of vaccine. Plasma 17-OH-cor- 
ticosteroid rise was not inhibited, rising from 
a control level of 13, to 43 »g per 100 ml. 

(b) 10-(y-dimethylaminopropy])-2-chloro- 
phenothiazine (Chlorpromazine). This broad- 
ly-acting agent, chosen because of its depres- 
sant effect on hypothalamic centers(10), was 
administered to 8 patients in doses up to 250 
mg, before and during typhoid vaccine ther- 
apy. In 6 instances, plasma 17-OH-corticos- 
teroid rises occurred in a manner comparable 
to that shown in Table I. In 2 cases, corti- 
costeroid rises did not occur, but in both in- 
stances, febrile response was delayed and was 
of only moderate degree. 


4. Controls. (a) To rule out the possi- 
bility that the aminopyrine suppression of 
plasma corticosteroid rise could be due to 
blockade of adrenocortical response to endog- 
enous ACTH, a single normal male was 
treated for 24 hours with aminopyrine (0.6 g 
every 4 hours), and then subjected to a 
standardized ACTH test. Plasma 17-OH- 
corticosteroid levels rose from 10 to 45 pg 
per 100 ml, a response well within the limits 
of normal(9). (b) To exclude a direct in- 
hibitory effect of aminopyrine on pituitary 
release of ACTH, a normal subject was given 
an insulin tolerance test (0.15 unit of stand- 
ard insulin per kilogram body weight admin- 
istered intravenously). Plasma 17-OH-corti- 
costeroid levels rose from 20 to 28 ng per 100 
ml(5). After treatment for 24 hours with 
aminopyrine, 3.6 g, repeat insulin adminis- 
tration was again associated with a rise in 
plasma corticosteroid value, from 6 to 30 pg 
per 100 ml. (On 2 different days, diurnal 
variation in plasma corticosteroid levels in 
this patient showed a definite fall in values.) 


Discussion. The rise of plasma 17-OH- 
corticosteroids to levels above the normal fol- 
lowing typhoid vaccine injection confirms the 
fact that this agent is capable of producing 
adrenocortical activation in the human sub- 
ject(2-5). Blockade of the febrile response 
to the vaccine by aminopyrine inhibits this 
plasma corticosteroid increase. The infer- 
ence is that the fever per se is the essential 
factor in bringing about activation of the 
pituitary-adrenal system. Presumably, other 
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FIG. 1. Febrile and plasma 17-OH-corticosteroid response to intravenous typhoid vaccine in- 
jection (patient #1, Table 1). The 3 series of vaccine injections were performed at intervals of 
3 days. Arrows indicate times of injection of vaccine. 


noxious effects of the vaccine which are not 
prevented by an antipyretic agent(6), are not 
effective in activating the adrenal cortex, as 
measured by this index of response. Further- 
-more, other central nervous system depres- 
sants, in the doses used, failed to inhibit 
plasma corticosteroid rises, unless the febrile 
response was also partially blocked. 


The inhibitory effect of aminopyrine did 
not appear to act directly on the pituitary- 
adrenal system. The drug did not interfere 
with the adrenocortical response to adminis- 
tered ACTH, nor did it inhibit the pituitary- 
adrenal reaction to a non-febrile stimulus 
(insulin hypoglycemia). 


Summary. Intravenous administration of 
typhoid vaccine to human subjects produced 
adrenocortical activation, as measured by in- 
creases in levels of circulating 17-OH-corti- 
costeroids. Suppression of the pyrogenic’ ef- 
fect of the vaccine by aminopyrine prevented 
adrenocortical response, without blocking cer- 


tain other systemic reactions. 
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Further Studies of Interrelationship Between Xanthine Oxidase and 


Influenzal Pneumonia in Mice.* 


(22292) 


Marcret IRENE SELiers.t (Introduced by A. F. Rasmussen, Jr.) 
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It has been previously reported(1) that an 
increase in xanthine oxidase occurs in the 
lungs of mice infected with PR8, Type A in- 
fluenza virus. In order to define further the 
interrelationship between the increased levels 
of enzyme and virus proliferation additional 
experiments have been carried out. Levels of 
the im vitro activity of xanthine oxidase in 
mouse lung infected with influenza virus have 
been compared with those of the same tissue 
either infected or injured with: (a) Nigg 
pneumonitis virus, (b) Newcastle disease 
virus, (c) Klebsiella pneumoniae, and (d) 
toxic chemicals, fats, Friedlander’s polysac- 
charide and leukotaxine. The results indicate 
that although the increase in xanthine oxidase 
is not directly related to influenza virus pro- 
liferation per se, the enzyme may be con- 
cerned in some way with the pneumonic proc- 
ess in mouse lung. 

Methods. Four to 6 weeks old albino Swiss 
mice of the Webster strain were employed. 
Xanthine oxidase assays on homogenized 
mouse lung tissue were carried out in a con- 
ventional Warburg apparatus as described 
previously(1). The values reported represent 
the oxygen uptake, stimulated by addition of 
substrate, of 20 mg tissue (dry weight equiva- 
lent) per 20 minutes; in each experiment the 
oxygen uptake representing the endogenous 
respiration has been subtracted from the re- 
corded values. Hemagglutination titrations 
were performed employing a pattern end point 
(2). In determining the virus infectivity 
titers, equal volumes of a sample of homo- 
genate from all the animals assayed at a given 


* These studies were conducted under auspices of 
Commission on Influenza, Armed Forces Epidemio- 
logical Board, and supported by Department of the 
Army. 

+ The author wishes to thank Dr. A. F. Rasmus- 
sen, Jr., for valuable suggestions concerning this 
work. : 


time were pooled, serial 10-fold dilutions pre- 
pared and 4, 10-day chick embryos inoculated 
with 0.2 ml of each dilution. After 48 hours 
incubation at 35°C, samples of allantoic fluid 
were removed and tested for the presence of 
virus by the spot plate hemagglutination tech- 
nic(3). The IDso titers were calculated ac- 
cording to the method of Reed and Muench 
(4). The lungs from each animal were ex- 
amined and the pulmonary consolidation 
scored according to the method of Horsfall 
(Se 

Results. The results of an experiment with 
a mouse adapted strain of PR8, Type A in- 
fluenza virus are presented in Table I. Mice 
were infected via the intranasal route with 
4,000 LDso doses of stock virus. The day-to- 
day change in enzyme level together with the 
change in virus level as determined by hemag- 
glutination titers for chick-embryos were de- 
termined on combined aliquots of tissue from 
each day’s experiment; these results are di- 
rectly comparable to the recorded averages of 
enzyme activity. Levels of enzyme activity 
are roughly -paralleled by virus titers. 

Consolidation is somewhat slower than is 
the increase in enzyme activity in developing; 
the presence of gross lesions is not essential 
for increased xanthine oxidase activity al- 
though the maximal levels of enzyme are 
found in partially consolidated tissue. A 
lethal dose of virus was employed in this ex- 
periment and at the end of 100 hours all the 
animals were dead. When sub-lethal amounts 
of virus were employed comparable results 
were obtained, z.e., the development of enzyme 
levels and virus titers roughly paralleled each 
other although the levels reached were lower 
and slower in developing than in lethally in- 
fected mice. 

An experiment showing the changes in xan- 
thine oxidase in mouse lung following infec- 
tion with Nigg pneumonitis virus (Greb 
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TABLE I. Correlation of Changes in Virus Concentration and in Xanthine Oxidase Activity 


in Mouse Lung Infected with PR8 Influenza Virus. 
a 


i . c P 3 Avg —— 
Time ——-Group 1*——, ——-Group 2——_, —— Group 3 — Avg 
Gini) EAS cE. Tce eC HAS eae C. ISN eld C. DN Teiihe 1IGDis, 
0 YS a 2.5 23 2.4 
24 6.9 160 0 5.3 160 a 9 160 0 ye NO MOR tose 
0 0 0 
48 8.5 320 0 2 320 + 5.9 320 0 (ea Oe MO Re 
0 a = 
72 ee) 320 2 9.8 320 4. 8.0 160 38+ LO OO memelOme 
4 2 2+ 
96 12.0 80 3-+ 4.8 320 B+ 3.9 80 2+ 6.98 240 Omi 
+ + + 


* Group of 10 mice, 2 chosen at random and pooled for examination at indicated time. 
+t No. of hours between initial infection and titration. 
{ Enzyme activity: yl O, uptake/20.min./20 mg dry lung. 


thine/flask. 


§ Hemagglutinin titer: Highest dilution of virus showing complete hemagglutination. 
|| Amount of consolidation determined by gross macroscopic examination and scored on a 


0-5 point basis. 
EID;,—50% embryo infectivity end point. 


strain) is recorded in Table II. The animals 
were infected intranasally with 10-100 lethal 
doses of virus. Although the titer of virus in 
the tissue examined for enzyme activity was 
not determined, the presence of virus was es- 
tablished by mouse inoculation. In compari- 
son to the PR8 infection, a somewhat greater 
level of enzyme activity was reached on each 
successive day reaching a peak value of 12.4 
on the fourth day. Only 3 of the animals sur- 
vived to the fifth day; the value obtained for 
the enzyme activity of these lungs was 11.4 
which may have indicated a leveling off of 
activity. : 

Table III shows the changes in xanthine 
oxidase in mouse lung following the adminis- 


Substrate: 10 »~M hypoxan- 


tration of Newcastle disease virus (NDV). 
The mice were given 0.05 ml of infected al- 
lantoic fluid (ID5o titer for eggs of 10%) by 
the intranasal route. There was a sharp rise 
in enzyme activity almost reaching a peak 
level within 24 hours and remaining relatively 
constant through the fourth day, while the 
macroscopic consolidation developed grad- 
ually over a three day period. 

For comparative purposes, studies were 
made of the effect of a pulmonary bacterial 
infection on xanthine oxidase. Virulent Kleb- 
stella pneumoniae, when introduced via the 
intranasal route, produced a rapidly fatal 
pneumonitis. Within 48 hours the lungs were 
almost completely consolidated, and the ani- 


TABLE II. Change in Levels of Xanthine Oxidase Activity in Mouse Lung after Infection 
with NIGG Pneumonitis Virus. 
Time Group 1* Group 2 Group 3 
(hr) t H.A.t C.4 B.A. C, EA. C. Avg H.A. 
Om ae tae fee e aie ES 
24 6.4 + 5.6 + 3.8 =- 5.26 
— + — 
48 11.4 4+ 8.1 3+ 8.0 3+ 9.16 
- 2+ + 
72 11.0 44 TOM 38+ 10.0 3+ 10.56 
2 3-4 3+ 
96 14.6 3+ 11.8 4a 10.9 4 12.43 
3+ 3+ 3 


* Group of 10 mice, 2 chosen at random and pooled for examination at indicated time. 
+ No. of hours between initial injection and assay. 


¢ Enzyme activity: 
§ Consolidation. 


zl O,/20 min./20 mg dry lung. Substrate: 10 «M hypoxanthine/flask. 
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TABLE III. Change in Levels of Xanthine Oxidase Activity in Mouse Lung after Administra- 
; tion of Newcastle Disease Virus. 
066—6u0—0—=@$0—00@—@$80—0O8—380.8—30Cc0cO0O0——eWDWoDaFEle 


Time Group 1* Group 2 Group 3 
(hr) + E.A.#t C.8 EA. C HA. C Avg H.A. , 
0 2.6 2.0 2.1 2.2 
24 10.0 0 8.3 0 6.5 4 8.26 
+ + + 
48 9.0 4+ 8.1 + Tel + 8.26 
38+ 0 ae 
72 11.8 5+ 8.9 2+ 7.3 4+ 9.33 
0 ae 44 
96 11.6 + 9.4 o+ 7.0 + 9.33 
+ 3+ + 


* Group of 10 mice, 2 chosen at random and pooled for examination at indicated times. 


+t No. of hours between initial inoculation and assay. 


¢ Enzyme activity: yl O./20 min./20 mg dry lung. 


§ Consolidation. 


mals seldom survived a lethal dose beyond 
this time. Enzyme assays showed that the 
level of xanthine oxidase was increased con- 
comitant with the progressing K. pneumoniae 
infection: Values of 4.0, 5.4, and 6.5 (ul O» 
uptake/20 minutes/20 mg dry lung) at 24 
hours and 5.4, 5.6, and 6.7 at 48 hours were 
obtained in a typical experiment. These en- 
zyme levels, when compared with the levels of 
lungs infected with influenza virus are com- 
parable at the same time intervals; however, 
the maximal levels of enzyme in the influenza 
lungs at the end of 96 hours, when the lesions 
are more comparable, are about two times 
these values. That the enzyme activity was 
not due to the bacteria present in the homoge- 
nate was shown by testing the organisms for 
xanthine oxidase activity. The strain of K. 
pneumoniae employed in these experiments 
showed almost no activity, and efforts to pro- 
duce an “adaptive” type of this enzyme were 
not successful. The results indicate that in- 
fection of mouse lung with K. pneumoniae 
produces a severe pneumonitis and gives rise 
to an increase in xanthine oxidase activity. 
The following compounds were employed 
in attempts to produce a sterile pneumonia in 
mice: dilute ammonia, Friedlander’s polysac- 
charide, olive oil, starch, heparin, leukotaxine, 
serum and turpentine. Intranasal, intra- 
tracheal and intrapleural routes of inoculation 
were tried. In no instance was a pneumonic 
process produced equal in magnitude to that 
produced by virus or K. pneumoniae. In 10- 
25% of the animals one lobe, or perhaps 2 
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lobes, showed some consolidation; xanthine 
oxidase was not increased in these lungs. The 
most successful procedure was that of intra- 
pleural iniection of turpentine; at the end of 
96 hours ‘some of these lungs showed a mod- 
erate amount of consolidation and a concomi- 
tant increase in xanthine oxidase of about the 
same magnitude as the 48-hour influenza lung. 
Therefore, it is apparent that the increase in 
xanthine oxidase can be elicited in the ab- 
sence of an infectious process and may be the 
result of an inflammatory reaction. 

In order to determine if basic similarities 
existed in the pathology of the lesions pro- 
duced by these various agents, microscopic 
sections were examined. Sections of influ- 
enza lungs showed diffuse interstitial pneu- 
monitis with a mononuclear infiltrate causing 
a thickening of septal walls. Necrosis and 
desquamation of the epithelial lining of the 
bronchi and bronchioles were noted. The 
lesions produced by NDV were very similar 
in character although less severe in degree. 
Sections of the lesions produced by K. pneu- 
moniae and by Nigg pneumonitis virus showed 
severe bronchopneumonia with diffuse areas 
of cellular infiltrate, predominantly polymor- 
phonuclear leucocytes. There was associated 
distortion and destruction of lung architec- 
ture. The mucosae and walls of the bronchi 
and bronchioli appeared to be relatively unin- 
volved although the lumina were plugged 
with exudate. A correlation between lesions 
with characteristic infiltrates and xanthine 
oxidase activity was not found. 
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Discussion. In mouse lungs infected with 
the viruses of influenza and Nigg pneu- 
monitis, a fundamental relationship between 
purine catabolism and virus synthesis is sug- 
gested by an increase in xanthine oxidase ac- 
tivity which occurs during the phase of rapid 
increase in virus concentration and precedes 
the development of maximal macroscopic and 
microscopic lesions. The fact that a similar 
change occurs after NDV which does not 
multiply in mouse lung(6,7) might contradict 
such a hypothetical relationship. On the 
other hand, it is conceivable that a change in 
purine metabolism is initiated by invasion of 
the host cell by viral particles whether or not 
subsequent multiplication of the virus takes 
place. Comparative studies of other types of 
injury to mouse lung indicate that infection 
with K. pneumoniae, and the intrapleural in- 
jection of turpentine also result in significant 
increases in xanthine oxidase activity. These 
latter findings negate the intriguing possi- 
bility that xanthine oxidase is concerned with 
a phase of nucleic acid metabolism intimately 
related to viral synthesis. The fact that a 
variety of microorganisms capable of produc- 
ing severe and rapidly fatal pneumonias all 
elicit a rapid increase in xanthine oxidase ac- 
tivity remains of some interest. One may ask 
whether or not this represents a biochemical 
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disturbance of host-cell metabolism which > 
contributes to the over-all disease process. 


Conclusion. Previous observations that | 
xanthine oxidase increases in mouse lung con- 
comitant with influenza virus infection have > 
been confirmed and extended. Comparable 
increases in xanthine oxidase also occur in ~ 
murine pneumonitis produced by Nigg pneu- | 
monitis virus and by NDV. Comparative | 
studies with other types of infection and in- | 
jury indicate that infection with K. pneu- 
moniae and the intrapleural injection of tur- | 
pentine also result in significant increases in 
xanthine oxidase activity in mouse lung thus 
suggesting that an increase in the level of en- 
zyme is closely associated with injury and 
death to lung tissue. ! 
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Fluorescent Antibody Studies of Demyelination in Canine Distemper.* 


(22293) 


J. E. Moutton.t (Introduced by Louis W. Holm.) 
School of Veterinary Medicine, University of California, Davis. 


The literature on central nervous system 
lesions in canine distemper has been ade- 
quately reviewed by Winqvist(1). Demyelin- 


* This investigation was supported in part by a 
research grant from the National Microbiological 
Institute, of National Institutes of Health, Public 
Health Service. 

+ The author is indebted to Dr. J. R. Gorham for 
performing the im ovo neutralization tests, to Mrs. 
Lillian Frazier for the special stains, and to Mr. 
L. M. Hardaker for photomicrographs. 


ation and glial cell proliferation are the out- 
standing changes while vascular hyperplasia 
and perivascular infiltrations occur less fre- 
quently. The cerebellum, pons and medulla 
are the principal sites of involvement. No 
attempt has been made to correlate the de- 
myelination with localization of the virus. 
This report describes the demyelination proc- 
ess as it occurs in the cerebellum, and by 
means of the fluorescent antibody technic(2) 
to demonstrate the sites of viral concentration. 


DEMYELINATION IN 


Methods. Tissues for histopathologic 
study were obtained at autopsy from natur- 
ally occurring cases of distemper. All the 
dogs had typical distemper inclusion bodies 
either in urinary bladder epithelium or in as- 
trocytes of the cerebellum. Blocks of cere- 
bellum were fixed in 10% formalin, Zenker’s 
and ammonium bromide-formalin mixtures. 
Hematoxylin and eosin, Weil, Bodian protar- 
gol, pyridine silver, cresyl violet, Feulgen 
Mallory phosphotungstic acid, Cajal gold sub- 
limate and oil red O. B. staining methods 
were employed. The fluorescent antibody 
technic is based on the fact that fluorescein 
can be conjugated with antibody molecules 
without loss of activity. When tissue sections 

containing antigen specific for the antibody 
solution are flooded with such fluorescein-anti- 
body conjugate, the antibody combines with 
the antigen. After the excess conjugate is 
rinsed off, the antibody is visible under a 
fluorescence microscope by virtue of its fluor- 
escent yellow-green label. Hyperimmune 
canine distemper serum was conjugated to 
fluorescein isocyanate according to the meth- 
od of Coons and Kaplan(2). Conjugates 
with greater antibody titer were obtained 
with freshly prepared isocyanate than with 
isocyanate which had been previously pre- 
pared and stored. Tissues for fluorescent 
staining were obtained from clinical cases of 
distemper immediately after death. Blocks of 
cerebellum were placed in test tubes and 
quickly frozen by immersion in a bath of dry 
ice and alcohol. They were stored at —20°C 
until needed. Frozen sections were cut from 
these blocks at 154 and mounted directly on 
slides without floating on water. Sections were 
dried on the slides by placing them in an in- 
cubator at 37°C for one hour. No chemical 
fixatives were employed. The sections were 
stained 30 minutes in fluorescein-antibody 
conjugate and then rinsed off with buffered 
saline, pH 9, and gently washed in fresh buf- 
fered saline for 10 minutes. Slides were wiped 
dry except for the section and mounted in 
glycerol-saline(9:1). Sections were examined 
in the dark with a fluorescence microscope 
(3). The light source was a Leitz, 15 am- 
pere, carbon arc. Specific fluorescence ap- 
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peared brilliantly yellow-green against a dark 
background. Fluorescent structures were 
identified by floating off the coverslip of the 
slide, counterstaining with a color dye and 
examining the same field under white light 
(3). 

The conjugate used in this study was tested 
for antibody content by means of an in ovo 
neutralization test(4). The first sample had 
1:630 titer and its deactivated blank, which 
was heated to 65°C for one hour, tested 
1:250. The second sample had a titer of 
1:160 and its blank, which was heated to 
95°C for one hour, was negative. The differ- 
ence in titers between the two samples was 
due to variations in quantity of virus used in 
the test and did not indicate a drop in anti- 
body content in the conjugate(4). Conju- 
gate was tested for specificity by staining 
smears of urinary bladder epithelium from 
dogs with distemper. Inclusion bodies in 
bladder epithelium show specific fluorescence 
when stained with distemper fluorescent anti- 
body(3). Slide controls consisted of 1) stain- 
ing brain tissues of normal 7-week-old pup- 
pies in the same manner as tissues from in- 
fected dogs, and 2) inhibiting the antigen in 
the tissue sections by treating with unconju- 
gated distemper antiserum for 30 minutes 
prior to staining with conjugate. 

Results. Weil stains of the cerebellum 
showed patchy areas of demyelination in the 
medullary white matter (Fig. 1). Early le- 
sions appeared as empty spaces or holes in 
the white matter where there had been focal 
loss of myelin in 4 or 5 fibers. With loss of 
myelin, edema fluid collected in these foci, 
forced demyelinated axis cylinders to the 
periphery and compressed adjacent myelin- 
ated fibers. 

When many holes formed in an area they 
coalesced into larger, spongy areas of demye- 
lination (Liickenfelder). At the same time 
glial proliferation was noted. This occurred 
in response to disintegrated myelin for the 
majority of cells were microglial elements 
containing droplets of myelin (Fig. 2). Ame- 
boid astrocytes were also present in the de- 
myelinated areas. Glial scars were never ob- 
served. 
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red O. B. stain. 


x 450. 
FIG. 3. Axis cylinders in area of demyelination. Fibers show separation but no loss in con- 


tinuity. Bodian protargol. 
FIG. 4. 
edema fluid. Cajal gold sublimate. 


x 450. 


x 450. 


Axis cylinders were seldom involved _al- 
though cylinders passing through severely de- 
myelinated areas were stained poorly and 
separated by the edema fluid (Fig. 3). 

The majority of fibrous and ameboid as- 
trocytes exhibited degenerative nuclear 
changes. This was not limited to astrocytes 
in demyelinated areas, but was also found 
in astrocytes at a distance.  Astrocytic 
processes were not involved (Fig. 4). The 
nuclei of the degenerated astrocytes appeared 
swollen and pale and often contained one or 
more acidophilic inclusion bodies (Fig. 5). 
Nuclear chromatin was marginated in these 
cells. Feulgen reactions were weakly positive 
in the degenerated astrocyte nuclei and nega- 
tive in the inclusion bodies. Oligodendroglia 
showed some nuclear degeneration, but fewer 
cells were involved. Neurons were normal 
except for those in severely demyelinated 
areas which showed chromatolysis. 

Inflammatory cells were usually absent, 
but in severely demyelinated areas perivascu- 


Astrocytes in area of demyelination. Processes are intact although pushed apart by 


lar inflammatory cells were sometimes noted. 
These consisted of plasma cells, lymphocytes 
and macrophages and were restricted to the 
Virchow-Robin space. A few sections exhib- 
ited proliferation of blood vessels in advanced 
areas of demyelination. 

Sections stained with fluorescein-antibody 
conjugate showed specific fluorescence in the 
cerebellar white matter (Fig. 6). Fluores- 
cence in the cerebellar medullary lamellae was 
especially remarkable because of the contrast 
of the non-fluorescent ‘cortex (Fig. 7). Spe- 
cific yellow-green fluorescence appeared to be 
localized principally in astrocyte nuclei al- 
though it was difficult to tell astrocytes from 
other glial cells. It was impossible to tell 
whether or not inclusion bodies were fluor- 
escing. Fluorescence was not limited to cells 
in demyelinated areas, but involved cells 
throughout the white matter. Myelin sheaths, 
neurons and axis cylinders showed no specific 
fluorescence. | 


Control slides reacted negatively. Sections 
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FIG. 5. In center is an inclusion body in nucleus of an astrocyte. 


xX 600. 
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Hematoxylin and eosin. 


FIG. 6. Localization of viral antigen in glial nuclei of cerebellar white matter. Fluorescent 


antibody technic. x 450. 


FIG. 7. Cerebellar lamella of dog with distemper showing fluorescent staining of glial cells. 


Note absence of fluorescence in adjacent cortex. Fluorescent antibody technie. 


x +00. 


FIG. 8. Same area as in Fig. 7 from a normal dog. This section was treated identically. 
Note absence of specific fluorescence in cerebellar lamella. Fluorescent antibody technic. 450. 


from normal dogs showed no specific fluores- 
cence (Fig. 8). In pathological specimens 
staining was markedly reduced in _ tissues 
treated with normal antiserum before fluores- 
cent antibody exposure. 


Discussion. Demyelination has _ seldom 
been listed among the lesions produced by 
viruses infecting the nervous system. Viruses 
have not been considered seriously as possible 
etiological agents of the various demyelinat- 
ing maladies. There is no experimental sup- 
port for the belief that the post-vaccinal type 
of encephalomyelitis results from direct ac- 
tion of the virus(5). In the case of nervous 
distemper, however, recent studies point to 
the distemper virus as the agent responsible 
for the demyelination and the presence of 
nuclear inclusions in the glial cells is evidence 
of the presence of the virus(6). However, 
the mechanism of demyelination has not been 
explained. 

Fluorescent antibody studies of distemper 


indicate that neuroglial nuclei are invaded by 
the virus and that the astroglia are primarily 
involved. There is good correlation between 
astrocytic nuclear degeneration as observed 
by conventional staining methods and _ local- 
ization of viral antigen as demonstrated with 
fluorescent antibody. Demyelination in dis- 
temper does not appear to be associated di- 
rectly with neuronal or axis cylinder degen- 
eration as these structures do not show spe- 
cific fluorescent staining and exhibit few de- 
generative charges. It appears that demyelin- 
ation in this disease is associated with viral 
invasion and degeneration of glia, especially 
astroglia although this relationship cannot be 
explained. Other than the possible associa- 
tion of oligodendroglia with the production 
and maintenance of myelin(7), no other rela- 
tionship between glial cells and myelination 
is known. 

When sufficient myelin is broken down, 
microglial phagocytes invade the area and 
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ameboid astrocytes are evident. Perivascular 
inflammatory reaction is not a constant find- 
ing in this disease, but when it occurs it is 
probably a secondary reaction in response to 
disintegration of myelin(8). 

Summary. Fluorescent antibody studies 
show that the virus of canine distemper is 
localized in astrocytic and possibly other 
glial nuclei. The astrocytes exhibit degen- 
erative changes consistent with viral invasion. 
Astrocytic involvement appears to be fol- 
lowed by demyelination although this. causa- 
tive relationship cannot be explained. 
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Monolayer Cultures of Trypsinized Monkey Kidney Cells in Synthetic 


Medium. Application to Poliovirus Synthesis.* 


(22294) 


CATHERINE RAppAporT. (Introduced by Joseph L. Melnick.) 


Section of Preventive Medicine, Yale University School of Medicine, New Haven, Conn. 


The outgrowth of monkey kidney cells 
from suspensions of trypsinized tissue has al- 
ways been found to require substantial 
amounts of serum in the medium. The neces- 
sity for adding serum has precluded many 
kinds of studies and has restricted the kind 
of cultures available for study. A simple syn- 
thetic medium is described which, in the ab- 
sence of any added protein, supports out- 
growth of monkey kidney cell suspensions. 
After outgrowth in this medium, the cells sup- 
port synthesis of poliovirus and may be used 
for physiological studies under defined con- 
ditions in the absence of serum. 


Methods. Cell suspensions. Trypsiniza- 
tion of kidneys taken from rhesus monkeys 
was done by a modification(1) of the Young- 
ner procedure(2). The cells were harvested 
from the trypsin fluid by centrifugation at 
200 rpm for 30 minutes, resuspended in 500 
x their volume of Basic Salt #2 without bi- 


* This investigation was aided by grant from Na- 
tional Foundation for Infantile Paralysis and by 
research contract with Division of Biologics Stand- 
ards of National Institutes of Health, Public Health 
Service. 


carbonate (as described in Table I), and re- 
centrifuged. The washed cells, resuspended 
in 100-200 ml of synthetic medium, were fil- 
tered through 2 layers of cheese cloth. A | 
count of those cells showing both nuclei and 
attached cytoplasm was made by staining 
with 0.1% crystal violet-0.1 M citric acid, 
and the suspensions were diluted to 350,000 
cells per ml. Amounts of 0.5 ml were seeded 
into 16 x 150 mm test tubes, 7 ml into 2 oz 
and 12 ml into 4 oz prescription bottles, and 
80-100 ml into Roux flasks. These amounts 
are also in the optimal range for cells sus- 
pended in the medium which contains serum 
(1). In experiments where outgrowth in the 
synthetic medium was to be compared to out- 
growth in a serum-containing medium, the 
suspension in PBS was divided into 2 portions 
and the second half after recentrifuging was 
diluted into the serum-containing medium. 
The serum-containing, “complete” medium 
(called ““M”) used for comparison was the 
0.5% lactalbumin hydrolysate-2% calf serum 
medium in Hanks’ salt solution which has 
been used extensively in this laboratory (3). 
Virus titrations. These were made by the © 
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TABLE I. Synthetic Medium (SM-1) for Out- 
growth of Monkey Kidney Cell Suspensions. 


Basic salt sol. (B.S. #2)* Trace elementst 


g/l WE SS KOA 
NaCl 8.0 ZnSO, 3 
KCl A Fe(NOs)s 2 
MaSOn (1.0) oi CoCl, 2 
MgCl 6 H,O ail MnCl, es 
Na,HPO, .08 CuSO, 4 
NaH,PO, .02 
CaCl, 42 
NaHCo, .78 
Glucose 2.0 


Organic supplementst Supplementary buffer§ 


mg/l 
l-eysteine- HCl 30 Tris (hydroxymethyl 
l1-isoleucine 60 aminomethane) 
d-ribose 30 8 X 10° M, pH 7.6 


*Made in 10 X concentrated, combined stock 
without CaCl, and NaHCO;. Sterilized by filtra- 
tion. CaCl, is made at 100 x concentrated; Na- 
HCO, is made at 100 X& concentrated. Glucose in 
20% stock solution, sterilized by filtration. 

+ Held as separate stocks, 0.05% concentrations. 
Sterilized by filtration. 

¢{ Stocks 100 X concentrated. Sterilized by fil- 
tration. May be heid as combined stock 40 X con- 
eentrated in H.O. 

§ Conveniently stored as 2 M stock adjusted to 
pH 7.6 with HCl. May be sterilized by autoclaving 
at 15 lb for 15 min. 


Dulbecco-Vogt plaque method on cultures 
grown out in the indicated medium in 4 oz 
prescription bottles(3). The culture fluid 
was decanted, and the inoculum of virus was 
added from the same pipette to a series of 
12-20 bottles. After incubation for 1 hr at 
37°C, bottles of each series were randomly 
selected and overlaid with calf serum agar 
overlay, “C.S.”, or with amino acid supple- 
ment agar overlay “AAS”, made as follows: 
C.S.: Agar (2.7 g/60 ml), 33%; calf serum, 
2.5%; neutral red (1/1000 of 80% dye), 
1.8%; Earle’s salt solution 10 x concen- 
trated, 10%; H»O, 50%; NaHCO; (58 g/ 
50 ml solution), 2.05%. AAS: (solutions as 
in C.S. overlay) Agar, 33%; basic salt #2 
(Table I) 2 x concentrated, 50%; H2O, 8%; 
neutral red, 1.8%; amino acid supplement 
40 x concentrated, 2.5%; NasHPOs (5% 
solution), 0.28%; NaHCOs, 3.8%. Solu- 
tions added in order given. 


Experimental. The synthetic medium, SM- 
1, which has been used routinely for out- 
growth of monkey kidney cell suspensions, is 
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described in Table I. It consists of a salt 
solution containing a higher concentration of 
calcium than is widely used; trace elements; 
and the organic constituents, cysteine, iso- 
leucine, and d-ribose. The buffering capa- 
city of the medium is increased by the addi- 
tion of 8 x 10% M Tris (hydroxymethyl 
aminomethane). It may be supplemented 


with penicillin and streptomycin if desirable, 
The medium is stable for at least one week 
at 4°C, and is not used once a precipitate 
forms on standing. The medium cannot be 
frozen. 


FIG. 1. Outgrowth of monkey kidney cells in SM-1 

and comparison with parallel culture in lactalbu- 

min hydrolysate-calf serum ‘‘M’’ medium. A-C = 

Outgrowth after 2144, 5, and 10 days in ‘‘M.’’ 

D-F — Outgrowth after 24%, 5, and 10 days in 
SM-1. 
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The outgrowth of identical suspensions of 
monkey kidney cells seeded in SM-1 and in 
the complete medium, M, is shown in the ac- 
companying photographs (Fig. 1). Cells 
seeded in SM-1 attach more slowly to the 
glass. The outgrowth in the first 48 hours 
may be inferior compared to that obtained in 
the serum-containing medium. By the third 
day, however, as indicated in the photo- 
graphs, the outgrowth in SM-1 compares fa- 
vorably in both amount and quality with the 
outgrowth in the complete medium. The two 
sets of cultures are comparable up to the 
10th-12th day after seeding. The complete 
medium must be changed between the 5th 
and 7th days because of the decline in pH. 
It is not necessary to change the SM-1 me- 
dium before the 8th-10th day. 

The choice of medium for replenishment is 
determined by the studies to be undertaken. 
Replenishment of cells grown in SM-1 with 
the M medium results in a further prolifera- 
tion of the cells after a lag period of 2 days, 
and survival for a month or more. On the 
other hand, for studies uncomplicated by the 
addition of serum, replenishment with an 
amino acid mixture such as that. given in 
Table II, in the same basic salt solution, givés 
a useful additional lifetime of 1-3 weeks. — 

The medium SM-1 was developed on the 
assumption that freshly isolated kidney tis- 
sue, possessing considerable endogenous re- 
serves and biochemical capacities, would re- 
quire very few organic supplements for out- 
growth and survival if placed into a properly 
adjusted physico-chemical environment. It 
may be useful to summarize the steps in de- 
velopment. (i) Suspensions of washed mon- 


TABLE IT. Amino Acid Supplement. 


mg/1 
l-eysteine +» HCl 3 
l-isoleucine 40 


1-histidine » HCl 10 
l-arginine - HCl 7 


l-lysine + HCl 8 
l-methionine 6 
1-threonine 14 


Conveniently made from sterile stocks to give 
40 X concentrated mixture in H,O and diluted into 
salt solution with trace elements and glucose as 
given in Table I, with 0.9 g NaHCO, per liter. 
May be buffered with 8X 10° M Tris at pH 7.6. 
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key kidney cells in Hanks’ salt solution were 
supplemented with single organic nitrogen | 


sources over a range of concentrations and 
pH. It was found that cysteine was the only 
supplement in more than 50 tried which gave 
a significant response; cells suspended in 


Hanks’ solution alone, or in Hanks’ solution 


nitrogen 


(ii) 


supplemented with most other 
sources, disintegrated within 24 hours. 


The Hanks’-cysteine medium was supple- — 
o | 
mented with single nitrogen and carbon © 


sources. Several unrelated nitrogen sources 


increased the extent and duration of out- — 


growth over that obtained with cysteine alone. 
On the other hand, d-ribose and several other 
carbon compounds improved the quality 
rather than the extent of outgrowth. (iii) 
The Hanks’ cysteine medium, supplemented 
—rather arbitrarily—with isoleucine and d- 
ribose, was chosen to investigate the effects of 
salts and trace elements on outgrowth. The 
concentration of salts, particularly calcium, 
was found to be a critical factor for outgrowth 
in the absence of serum. Both ferric and 
cupric ions had pronounced beneficial effects. 
It was also found that when the pH of the 
medium fell below 7.2-7.3 during the first 4 
days, outgrowth was inhibited: cells failed to 
attach to the glass and the cells already pro- 
liferating along the glass became thickened 
and granulated. Attachment to the glass was 
also retarded when the medium was more 
highly fortified with amino acids, phosphates, 
traces of certain carboxylic acids, or after 
prolonged metabolism. The morphological 
changes and lack of attachment have been 
found to be completely reversible. Cells held 
in suspensions at 37°C for several weeks, and 
then adjusted to pH 7.6-7.8 with bicarbonate 
or supplemented with calcium or zinc, were 
found to attach and grow into clear mono- 
layers. 


The cellular monolayers grown out in SM-1 
are so firmly attached to the glass that it has 
not been possible to remove them by the use 
of trypsin or versene, or by scraping, without 
substantial losses. Accurate cell counts have 
not been obtained. As an estimation of the 
total number of cells recovered after out- 
growth, we have relied on (i) morphological 
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FIG. 2. Production of poliovirus in cultures grown 
out in SM-1 (top) and in M (bottom); and effect 
of medium after infection on rate of propagation. 
A series of 9-day-old eultures grown out in SM-1 
and in M in 2 oz prescription bottles, from an in- 
oculum of 1.7 X 10° cells/bottle, were infected with 
10 plaque forming units of Type 1 poliovirus sus- 
pended in the amino acid supplement. Virus ad- 
sorbed 30 min, at 37°C. Cultures washed 3 times 
with PBS and in series of 6 bottles each replen- 
ished with 5 ml of medium indicated, supplemented 
with 8 x 10% M Tris pH 7.6. Arrow indicates 
time at which pH was readjusted to 7.4-7.6 with 
bicarbonate. Virus titered by plaque method, 
sampling from a different bottle at each point. 
Last point is pooled sample. 


appearance of the culture and (ii) RNA and 
DNA recovered after a modified Schmidt- 
Tannhauser fractionation. The RNA and 
DNA recoveries indicate that after 7-10 days 
in SM-1, from 0.8-1.5 times the number of 
cells are recovered as were seeded. This com- 
pares with a recovery of 1.0-2.0 obtained in 
the complete medium changed at the 5th-7th 
day. The results obtained here for the com- 


467 


plete medium agree with those obtained by 
Youngner(2) on the basis of cell count. 


Virus synthesis. As a criterion of the 
physiological state of the cells after outgrowth 
in SM-1, the synthesis of poliovirus was 
studied. The propagation of poliovirus, 
Type 1, from an initial inoculum of an aver- 
age of 10 plaque-forming units per culture, 
was followed in cultures grown out in SM-1 
and in cultures of the same suspension grown 
out in the complete M medium. The propa- 
gation of virus throughout the two cultures, 
and details of the protocol, are shown in Fig. 
2 and its legend. It is seen that the total 
yield of virus obtained from cells grown in 
the simple medium and inoculated and trans- 
ferred to the amino acid supplement is the 
same as that from the control culture grown 
and infected in the presence of serum. The 
propagation of virus in the amino acid sup- 
plement is somewhat faster than in the M 
medium, and is more striking when the cells 
have been previously grown in the serum- 
containing medium. In this case, there may 
be as much as 1000 times more virus present 
in the cultures in the amino acid supplement 
at the end of 48 hours than in cultures with 
the complete medium. However, after fur- 
ther incubation of 2 or 3 days, the yield of 
virus from the M medium approaches that 
obtained in the amino acid supplement. 


Since the amino acid supplement has a 
higher concentration of cysteine than the M 
medium, or other media usually used for virus 
cultivation, the effect of cysteine on virus 
propagation was studied. The data presented 
in Fig. 2 show that cysteine can completely 
replace the amino acid supplement and, even 
in the case of cells previously grown out in 
the simple medium, supports a more rapid 
propagation of virus than the M medium. 
Preliminary studies(4) indicate that the more 
rapid propagation of virus is due to a shorter 
virus growth cycle. 

The amino acid supplement may be used 
advantageously as the nutrient in the agar 
overlay when assaying virus by the Dulbecco- 
Vogt plaque technic. The rate of appearance 
of plaques during assay of poliovirus Types 
1, 2, and 3, on M cells overlaid with the 
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TABLE III. Effect of Amino Acid Supplement in Agar Overlay on Plaque Formation by Polioviruses on Monkey Kidney ‘‘M’? Cells. 
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2 amino acid supplement in agar compared to 
s the rate of appearance in the calf serum-agar 
SR aS Ga oa ae Bale poe : 
“Nae oO “1S overlay(5) is given by the data in Table III. 
2 
= Each assay was done on outgrowth cultures 
anc a Nie é from kidney cells from different monkeys. 
Sa ot Sh eS 243 The variation in final titer obtained for 
Sat 2 Riera ee Types 2 and 3 indicates the variable suscep- 
a f 
Soo) ee ed ae tibility of the different cultures to these 
Res oo > cued eet es 2A types. With all 3 poliovirus types, plaques 
Sot Nah Feo oy ris a's appeared more rapidly in the amino acid sup- 
at ot Honn om molNH plement-agar overlay than in the calf serum- 
nom” qn | lee é A A 
iene Ie aoe eS agar overlay. This acceleration was particu- 
N TN oan hea mr Se “1: : . 
on D oTol o 
mig me ashe aa ales larly striking with the slower growing Types 
ee 35 2 and 3. The final titer on Types 2 and 3 
HS OD NM Ho Ho IO!” F A _ ‘ é 
i bie lage eee St xe was also higher in every assay in the amino 
Pg Sb Ape nc eee acid supplement than in the calf serum. 
iit jaa cs oy e706 . 
aaiy Rane =e The susceptibility of SM-1 cells to polio- 
ex] aia foal aq ; . ° 
virus has been studied by the plaque technic. 
DOOM Hm OR Xa 
fa ere San The data already presented in Table III in- 
ar O19 ISS ie 6 
os ree ae c dicate the rate and number of plaques ex- 
a Ho oS Oo ab : : : 
i ene “4 pected with the different viruses on M cells 
SAPO ey eS ols ,£ with the-amino acid supplement overlay. A 
Fe aaa a ese a melee 2% + comparative assay on SM-1 cells and M cells 
Ht or AN ae wo solo eY with this overlay would indicate any ditter; 
dd . . . . 1 Te 
ia tH ao aS om C4) = ence in the intrinsic cellular susceptibility to 
am HN HA onl os p wi 
ae ae ad ne oN on “3 the virus. The SM-1 cells are sensitive to 
nn ANN TN Ket Ol . . 
= 88 neutral red, and it is necessary to add the 
o Sn ot od a neutral red several days after the agar to de- 
Ha ON OM OW sa Z velop the plaques. Types 1, 2, and 3 were 
= . 
ge Seen £2 assayed on a series of 10 bottles each of SM-1 
‘mal o ; 
ghee Oy Ne &4* cells and of M cells, grown in parallel from 
¥eB° : Spee) ° 
Rp aA i } DS: " 
BE ET NON ECR i dae 50 the same suspension of trypsinized kidneys. 
i eee as = After decanting the growth fluid, the bottles 
SID AK OM MM ad : 
= ..» || were mixed so that virus inoculum was added 
SiIRoso oN HO ON +2 ow re ik 2 Q 
n a ope <t rom the same pipette in a random order to 
Soe aC CE ira ON KOSTEh Mise ofa the series of 20 bottles. Neutral red was 
= SiS 
Flt hbo seo as added 3 days after the agar overlay, and the 
2 : 
Shon natn on Aes plaques were read 4 hrs later. The data in 
ate AT UI See he 2=8 Table IV show that the number of plaques 
“DM “DM -™M “DM 2D) Nie RO 
he os as a ws ces $= developed on SM-1 cells was the same as the | 
Od Utd Od Od Oden . 
oss esos o\Ss 2 number developed on the M cells. This find- 
= ss ing indicates that the cultures grown out in 
a) a} P a . e . 5 ° 
3 S 8.4 the- simple medium have the same intrinsic 
on Pa Reiw oes sat ee 
k ae : Se susceptibility to poliovirus as the usual cul- 
Sots oo & ows 2% tures grown out in serum. It also suggests 
~ a) 1s ; . 
2 = ames S aan that the difference in plaque count between 
aed AS | | 7 wn * 
Pa ee bee cs M cultures in the calf serum-agar overlay and 
eS eae the amino acid supplement-agar overlay is 
o +4 w« © wn * ¥+ a reflection of the metabolism of the cells pre- 
Cy vailing in these two media. 
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TABLE IV. Comparative Susceptibility of SM-1 and M Cultures to Poliovirus. 


Avg 
. Culture Overlay : plaques 
Virus type type medium +——No. of plaques/bottle after 3 days—— per bottle 
1 SM-1 AAS IWS SS AKO Ga a zh SI 3} ag 14.5 
Brunhilde M AAS Hb UO: ee aly lék iS TK@), ale 13.4 
2 SM-1 AAS Bi ay PL aR eal Gy 9.0 
M.E.F. M AAS Ay We Ge ey AT” atte alse @), 9.4 
3 SM-1 AAS GeO ease Pee! Se yess 8s 5.3 
Saukett M AAS Oe Veen eee ene OU 2) Gene 5) 5.4 
Discussion. The present studies indicate this is a prime mechanism for the anchoring 


that suspensions of monkey kidney cells may 
be grown out in a simple synthetic medium in 
the absence of any added protein and com- 
pare favorably, in appearance and capacity 
to support poliovirus synthesis, with suspen- 
sions grown in the serum-containing M 
medium. 


Under the conditions which have been 
studied, cysteine was found to be a specific 
requirement for successful outgrowth. The 
function of cysteine is not clear. It has not 
been possible so far to replace it with inor- 
ganic reducing agents, or with other organic 
sulfur compounds. In view of the effect of 
slight changes in the ionic balance of the me- 
dium during outgrowth, it is possible that 
these efforts were unsuccessful because the 
agents interfered with the necessary ionic 
conditions. 

Outgrowth in the absence of serum was 
found to be sensitive to the concentration of 
the different salts, particularly calcium. A 
concentration of calcium as high as 4 times 
that occurring in normal serum has been in- 
corporated into the medium. Although cal- 
cium may regulate many metabolic activities, 
it is considered that its beneficial effects dur- 
ing outgrowth may be due in part to protec- 
tion of the cells during the physico-chemical 
adjustment to im vitro conditions. It may 
easily be observed that monkey kidney cells 
agglutinate at pH 4.5, suggesting a high con- 
centration of carboxylic acid residues at their 
surface. If this is the case, at an alkaline pH, 
calcium may serve to stabilize the cells by 
shielding of the charged groups. It is also 
possible that calcium serves as a_ bridge 
through which the carboxylic acid groups are 
bound to the negatively charged glass. If 


and spreading of cells along the glass surface, 
the pH, calcium concentration, and anionic 
components of the medium would be regulat- 
ing factors for successful outgrowth. 


Serum has heretofore been an absolute re- 
quirement for the outgrowth of monkey kid- 
ney cells. The fact that cells may be grown 
out and maintained for 2 to 3 weeks in the 
absence of serum suggests that its role is not 
predominantly nutritive during this period. 
It is possible that serum is largely protective, 
serving as an effective buffer to maintain the 
particular environment necessary for out- 
growth. Biophysical studies have indicated 
that the elasticity of the mammalian cell 
membrane is probably due to tightly bound 
serum protein(6). It should be possible to 
simulate to some extent the stability afforded 
by bound protein by the adjustment of the 
physico-chemical environment. Consideration 
of some of the physical factors involved in 
stability and reversible attachment may en- 
able one to design the medium of choice for 
the particular studies in tissue culture to be 
undertaken. 

One immediate application of these find- 
ings would seem to be the production of vac- 
cine from high titer virus obtained from mon- 
key kidney cells grown in a medium free of 
added animal proteins. The binding of serum 
protein by animal cells means that after out- 
growth in serum, even after washing, there is 
considerable contamination with serum pro- 
tein. Although there has been little evidence 
of protein sensitization after inoculation of 
vaccines grown in monkey kidney cultures, 
the problem has raised a considerable contro- 
versy, particularly as to the effect of repeated 
injections over the years. 
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Summary. A synthetic medium containing 
only cysteine, iso-leucine, d-ribose in a salt- 
glucose medium, buffered with Tris (hydroxy- 
methyl aminomethane) supports the out- 
growth of monkey kidney cells. The out- 
growth is comparable in both rate and amount 
with the lactalbumin hydrolysate-calf serum 
(M) medium and supports the synthesis of 
poliovirus. Propagation of poliovirus through- 
out a culture in either liquid or agar medium 
occurs more rapidly in the presence of a sim- 
ple amino acid supplement than in the serum- 
containing medium. Cysteine can completely 
replace the amino acid supplement for propa- 
gation of Type 1 in liquid cultures. 
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Effects of 2-Ethylamino-1,3,4 Thiadiazole HCl on Uric Acid Production 
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therapy Service, Memorial Center for Cancer and Allied Diseases, New York City. 


A compound having the formula, 2-ethyl- 
amino-1, 3, 4 thiadiazole HCl, was found by 
Oleson, e¢ al.(1) to have antitumor activity 
in various laboratory animals. Further test- 
ing by Clarke(2) confirmed the activity 
against sarcoma 180 and Burchenal and Dagg 
(3) demonstrated a definite prolongation of 
the survival time of mice with transplanted 
leukemias 82 and 8174. Because of its anti- 
tumor effect in animals, Farber(4) initiated 
therapeutic trials in humans. He has supplied 
us with preliminary clinical dosage data. 

Materials and methods. Clinical evaluation 
by our group was started in patients with far- 
advanced cancer. This report deals with the 
observations made in the 8 adult patients 
treated to date. The thiadiazole was given 
once daily by mouth, in doses of 1-4 mg/kilo/ 
day. In most cases therapy was continued 


* This study was supported in part by grants from 
National Cancer Institute of the National Institutes 
of Health, Public Health Service; American Cancer 
Society; Damon Runyon Memorial Fund for Medical 
Research; and Lasker Foundation. 


until the development of oral toxicity. Fre- 
quent physical examinations, appropriate 
roentgenograms, and hematological and _ bio- 
chemical determinations were performed be- 
fore, during and after treatment. In 5 of the 
8 patients herein reported daily serum and 
urine uric acid determinations were per- 
formed. The method employed for the de- 
termination of uric acid was that of Archibald 
as described in detail by Forsham, et al.(5). 
For the urine determinations this was modi- 
fied as follows: Duplicate specimens were set 
up. The first specimen was treated in the 
usual manner. To the second specimen, after 
dilution 0.01 ml Worthington liquid uricaset 
was added to 5 ml diluted urine in a Coleman, 
Jr. cuvette and the specimen was incubated 
at 37°C for 90 minutes. After incubation the 
procedure was completed as with the first 
specimen. The color remaining in the second 
specimen represented non-uric acid chromo- 
gens and was subtracted from the total. All 


+t Worthington Biochemical Co., Freehold, N. J. 
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TABLE I. Clinical and Urie Acid Data of Patients Treated with 2-Ethylamino-1,3,4 Thia- 


diazole HCl. ; 
Ne 


Daily Serum U.A. 
; dose, (ng %) Excess urine 
Age Sex Diagnosis mg/kg Days Pre Rx DuringRx U.A.,mg 
25 A Melano CA 2 9 — — — : 
4 3 = a 2 
38 A LSA 2 a 6.3 17.6 — 
32 fe) Melanoma 2 Ti — — —— 
4 4) 
6 as = 8.9 — 
4 11 19 6.0 — 
62 3 CA tongue 4 6 i) 19.3 2160 
4 5 6.4 24.6 4270 
20 Q Salivary CA 4 3 3.9 13.8 1272 
4 “ 4.5 13.2 1400 
40 Q CA breast, 4 a 4.6 15.0 4176 
4* 3 4.8 12.9 2509 
4* 5 4.1 12.1 4951 
4% 6 3.6 11.6 7216 
64 g CA kidney 4 4 5.9 13.2 4879 
39 fe) CA cervix 4 5 6.7 11.2 1469 


* Given with equal doses of nicotinamide. 


urines were analyzed in this manner. In ad- 
dition occasional blood specimens were sub- 
jected to the uricase test to determine the 
specificity of those values reported as uric 
acid. In no instance was any significant 
amount of non-uric acid chromogen found in 
the blood. 

Results. No evidence of tumor regression 
so far has been detected in any of the patients 
treated. Toxic effects have been limited to se- 
vere glossitis which occurred regularly in 4-6 
days at a dose of 4 mg/kg/day. Smaller doses 
were tolerated for longer periods of time but 
similar toxicity occurred when approximately 
the same total dosage had been achieved. The 
clinical and dosage data are given in detail 
in Table I. 

An interesting and as yet unexplained bio- 
chemical abnormality that occurred regularly 
was the observation that coincident with ad- 
ministration of the drug there was a prompt 
and marked elevation of serum uric acid 
which promptly returned to normal on cessa- 
tion of administration of the agent. In order 
to attempt to elucidate this phenomenon, 
studies of urinary uric acid excretion were 
done in 5 of the patients. With each course 
of therapy there was found to be a rise in 
urinary uric acid excretion occurring prompt- 


ly and paralleling the rise in serum uric acid. 
Table I indicates for each course of therapy 
the excess urine uric acid as compared with 
the average urine uric acid for a similar con- 
trol period. 


Fig. 1 illustrates the observations made in 


= 


E.G, 46yrs,£ CA. BREAST 
Nicotinamide 200mg. 


a 


Thiadiazole 200mg| 


Serum !4 
Uric Acid 


mg. % 
6 
2 
Urine 4000 
Volume 
2000 
mi/24hr. 
Urinary Bune 
Uric Acid 1600 
1200 
mg./24hr. 
Days O 10 20 30 40 50 
FIG. 1. Serum and urine uric acid in a patient 


treated with 2-ethylamino-1,3,4 thiadiazole HCl and 
nicotinamide. 
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one of the patients to whom this agent was 
administered. This patient, a 46-year-old 
woman with carcinoma of the breast and dif- 
fuse osseous metastases received 4 separate 
courses of medication. The dosage was 200 
mg daily for 3 to 6 days in each course. On 
each occasion there was a rise in serum uric 
acid from normal levels of less than 6 mg% 
to levels of 10.6 to 15.0 mg%. Simultaneously 
the urine uric acid rose from control levels 
averaging 350 mg per day to levels of 1500 
to 2300 mg per day. With each course severe 
glossitis occurred and required cessation of 
treatment. There was no definite evidence of 
regression of tumor tissue in this patient dur- 
ing or after treatment. Her blood urea nitro- 
gen remained unchanged throughout this pe- 
riod of observation. 

Inasmuch as Oleson(1) demonstrated and 
Clarke(2) confirmed that nicotinamide was 
capable of reversing the anti-tumor effect of 
thiadiazole, it was thought of interest to eval- 
uate the effect of nicotinamide upon the uric 
acid abnormality produced by _thiadiazole. 
Simultaneous administration of 200 mg daily 
of each agent produced a rise in serum and 
urine uric acid which was similar to that pro- 
duced by thiadiazole alone. Nicotinamide did 
not prevent the development of oral toxicity. 

Discussion. The mechanism of the uric 
acid abnormality occurring with administra- 
tion of 2-ethylamino-1, 3, 4 thiadiazole HCl 
is not understood. The fact that urinary and 
serum uric acid rose in parallel would indicate 
that renal mechanisms are not involved. The 
absence of any indication of tumor regression 
in these patients renders unlikely but does 
not completely rule out the possibility that 


the uric acid was a product of degradation of 
the nucleic acid of tumor tissue. In the case 
illustrated an excess of approximately 7200 
mg of uric acid above the pre- and _ post- 
treatment levels was found in the urine dur- 
ing and immediately after a single course of 
treatment. Since the average content of nu- 
cleic acid in tissue is 1% and since 20% of 
nucleic acid is composed of purines, calcula- 
tion of the amount of tissue from which this 
7200 mg of uric acid could derive reveals a 
figure of 3600 g. It might be expected that 
lysis of this amount of tumor or other tissue 
would be detectable. A third possibility is 
that there is a direct increase in uric acid syn- 
thesis, occurring as a result of the administra- 
tion of this compound. This possibility has 
been neither proven nor disproven. Further 
studies are under way to investigate this prob- 
lem and to attempt to correlate the rise in 
uric acid with nitrogen balance. 


Summary. Oral administration of 2-ethyl- 
amino-1, 3, 4 thiadiazole HCI to patients with 
advanced cancer has been shown to cause a 
marked rise in serum uric acid levels and in 
total urinary uric acid excretion. 
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The Structure of Nuclear Membrane in Larval Gonads 


ot Heliothis obsoleta.*t+ 
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Department of Zoology, State University of Iowa, Iowa City, and Division of Biological and 
Medical Research, Argonne National Laboratory, Lemont, IIl. 


Evidence from electron microscope studies 
Suggests that the nuclear membrane, at least 
in part, is not a continuous structure but is 
interrupted at intervals by pores, nodes, gran- 
ules or ring-like formations. For example, 
the nuclear membrane of the amphibian egg 
is a double-layered structure with a continu- 
ous inner layer and a porous outer layer(1). 
The nuclear membrane of Amoeba proteus 
likewise is a 2-layered structure, but here the 
porous layer constitutes the innermost and 
the continuous layer the outermost lamella of 
the membrane(2,3). Other cells ‘showing 
some form of porous structure in the nuclear 
membrane are oocytes of the salamander (4), 
kidney tubule cells(5), acinar cells of the 
pancreas(6), nerve cells from spinal ganglia 
(7,8), insect salivary gland cells(9-11), 
echinoderm eggs(12), several different types 
of rat cells(13), and chick embryonic cells 
(14). 

Since the evidence for the porous nature of 
the nuclear membrane is based upon rela- 
tively few studies and since, if true, it would 
have important bearing on our notion of the 
mode of transfer of materials through it, fur- 
ther studies related to this subject seem war- 
ranted. 


Materials and methods. Pieces of gonads 
from the larval insect Heliothis obsoleta 
(Lepidoptera, corn ear worm) were fixed for 
30 minutes in buffered osmic acid at pH 7.25 
(15), embedded in methacrylate(16) and 
sectioned at 0.025 » by means of an Interna- 
tional Rotary Minot type microtome(17) 
equipped with a glass knife(18). In Fig. 1, 
parts (1), (2), (3), and (4) were made by 


* Aided in part by Public Health Service Grant 
B-301 (C). 

+ Work performed in part under the auspices of 
the U. S. Atomic Energy Commission. 

} Thanks are due Dr. T. C. Evans for permission 
to use the electron microscope for part of this study. 


an RCA model EMU-2B electron micro- 
scope; part (5) was made with an RCA 
model EMU-3B electron microscope. 


Results. The appearance and distribution 
of the nuclear membrane pores, or annuli, are 
clearly displayed in Fig. 1. The pores are 
best observed in oblique sections where they 
can be seen to be evenly distributed through- 
out the nuclear membrane at an average dis- 
tance apart of approximately 1300 A (Fig. 
1-1, 1-2, 1-5). In Fig. 1-2 the section is 
through a folded membrane showing bits of 
it (A) cut obliquely and the remaining part 
cut more or less longitudinally through the 
long axes of the pores. 


The pores have an average diameter of 
about 280 A. They are encompassed by a 
relatively dense portion of the nuclear mem- 
brane measuring approximately 320 A in 
thickness (Fig. 1-3 and 1-5). Thus, the to- 
tal diameter of the pore and surrounding 
membrane is approximately 920 A. In some 
preparations the relatively dense layer lining 
the pores appears smooth (Fig. 1-1, 1-2, and 
1-3), while in others a somewhat granular ap- 
pearance is observed (Fig. 1-5). The small 
dark granular mass appearing in the center of 
some of the pores (Fig. 1-5) may possibly 
represent material that was in the process of 
diffusing through them at the time the tissue 
was fixed. 


Sections cut through the long axes of the 
pores show the profiles of the membranes 
constituting the walls to be darkly outlined 
(Fig. 1-2 and 1-4). In Fig. 1-4 the nuclear 
membrane is displayed as a single layer with 
an estimated thickness of from 60 to 70 A. 

Discussion. From the literature cited in 
this paper it becomes evident that in many 
types of cells the nuclear membrane contains 
porous structures. Their orderly arrange- 
ment within the membrane and the fact that 
they have been demonstrated independently 
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FIG. 1. Section through nuclear membrane showing pores cut either obliquely (1), (2A), (3) 
and (5), or longitudinally (2) and (4). The scale represents 1 y. 


by several different investigators is evidence 
against the view that they are artifacts. It 
has .been suggested that they function as 
passageways for the diffusion of large mole- 
cules through the membrane(6). 


It has been demonstrated that in certain 
cells bits of the nuclear membrane may be 
pinched off into the cytoplasm where they 
may contribute to the formation of the endo- 
plasmic reticulum(10,11). In other cells, the 


SULFONYLUREA IN ALLOXAN DraBETIC RATS 


outer layer of the membrane is thought to be 
continuous with the endoplasmic reticulum; 
in such cases, it has been calculated that 
about one-tenth of the nuclear surface is in 
direct contact with the cytoplasmic matrix 
through pores, and the remaining surface is 
in indirect contact with it through the en- 
closed cavities of the endoplasmic reticulum 
(13). Such a close relationship between the 
nuclear membrane and endoplasmic reticulum 
is not apparent in the germ cells of the larva 
Heliothis obsoleta. 

Summary. 1. Electron microscope studies 
on thin sections of germ cells of the larva 
Heliothis obsoleta have revealed the presence 
in the nuclear membrane of pore-like struc- 
tures which are spaced about 1300 A apart. 
The pores are approximately 280 A in diame- 
ter and are surrounded by a relatively dense 
wall about 320 A in diameter. Thus, the di- 
ameter of the pore plus the surrounding wall 
is approximately 920 A. 2. The pores appear 
to be of a size that would permit the passage 
of large molecules through the nuclear mem- 
brane. 
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In explanation of the mechanism whereby 
the sulfonamide derivative, 1-butyl-3-p-amin- 
obenzenesulfonylurea (BZ55) produces hy- 
poglycemia in animal and man, Franke and 
Fuchs(1), Bertram, Bendfeldt and Otto(2) 
and Achelis and Hardebeck(3) postulate that 
the sulfonylurea interferes with the produc- 
tion of glucagon. In support of this hypothe- 
sis, these investigators refer to studies by 
others who demonstrated that some sulfona- 


* Aided by grants from Foundations’ Fund for 
Research in Psychiatry, and Eli Lilly Co. 


mide derivatives may reduce the blood sugar 
of alloxan diabetic animals(4,5). Further, 
Achelis and Hardebeck state that the sul- 
fonylurea used by Franke and Fuchs(1), and 
by Bertram, e¢ al.(2), produces a decrease in 
the blood sugar of some alloxan diabetic rab- 
bits though they do state their impression 
that there may be no decrease in the blood 
sugar of severely diabetic alloxanized rats. 
In view of the paucity of data concerning this 
question, it became pertinent to determine 
whether or not the sulfonylureas are hypo- 
glycemic in the alloxanized diabetic rat. 
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Method. Male rats; weighing from 150 to 
250 g were given a subcutaneous injection of 
180 mg alloxan per kilogram as a 5% solu- 
tion. Forty-eight hours thereafter, those ani- 
mals which developed glycosuria were main- 
tained on 1 unit protamine-zinc insulint per 
day. Approximately 1 month later, the in- 
sulin was discontinued for 2 days, and after 
an overnight fast, 15 rats which exhibited a 
significant glycosuria were selected for study. 
A group of 15 normal male rats weighing from 
150 to 250 g were used as controls after an 
overnight fast. Both groups of rats were 
given a gavage of 100 mg 1-butyl-3-p-tolyl- 
sulfonylurea? per kilogram body weight as a 
2% solution in 0.5% sodium bicarbonate, ad- 
justed to°:pH 8.0. Immediately before and 
at hourly intervals for 5 hours after the ga- 
vage, blood samples were taken from the 
clipped tails into 0.1 ml pipettes. The blood 
sugar concentration was determined by the 
Nelson procedure(6). The blood sugar con- 
centration for each interval after the gavage 
was expressed as the per cent of the pre- 
gavage level for each animal. 


Results. The mean + SE response of the 
blood sugar concentration to the ingestion of 
tolylsulfonylurea by the normal and alloxan 
diabetic groups of rats is illustrated in Fig. 1. 
The mean + SE initial blood sugar concen- 
tration was 83.0 + 3.0 mg in the normal 
group and 352 + 17.5 mg% in the alloxan 
diabetic group. Whereas the normal rats 
developed a statistically highly significant 
diminution in the blood sugar level within 1 
hour after the ingestion of the sulfonylurea 
which persisted for four hours, no significant 
change in the blood sugar occurred in the 
diabetic rats. 

Discussion. The administration of tolyl- 
sulfonylurea to fasted alloxan diabetic rats 
does not produce any significant change in the 
blood sugar whereas normal rats exhibit a 
marked hypoglycemia under similar condi- 
tions. Since the administration of alloxan 


t We are indebted to the Eli Lilly Co. for generous 
supplies of insulin. 

t We are indebted to Dr. C. J. O’Donovan of the 
Upjohn Co. for generous supplies of 1-3-butyl-p- 
tolylsulfonylurea (‘“Orinase’’) . 
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results in necrosis of the beta cells of the 
Islets of Langerhans and a consequent cessa- 
tion of insulin. production, the hypoglycemic 
response to the ingestion of tolylsulfonylurea 
must be related to the availability of insulin. 
Further, the absence of any hypoglycemic re- 
sponse in the diabetic rats suggests that the 
hypoglycemic response of the normal rat can- 
not be due to an inhibition of glucagon pro- 
duction or utilization. Likewise, the hypo- 
glycemic response of the intact animal cannot 
be due to some acute non-specific hepatotoxic 
action of the sulfonylurea since such action 
would be present in the alloxanized as well as 
the normal animal. 


The above indicates that the response of 
normal animals is due to an increase in the 
availability of insulin. Such an increase may 
result from either an increased production of 
insulin consequent to direct stimulation of the 
Islets of Langerhans or to a decreased de- 
struction-of insulin consequent to an inhibi- 
tion of the enzyme which catalyzes the de- 
struction of insulin (insulinase), or to both 
factors. That the inhibition of insulinase 
plays a role in the response to the sulfony- 
lurea by normal rats is revealed in the obser- 
vation that the tolylsulfonylurea is a non- 
competitive inhibitor of insulinase in vitro 
and in vivo(7). 


Alloxan Diabetes 


Normal 


BLOOD SUGAR PER CENT OF INITIAL 


2 : € 3 4 5 


HOURS AFTER SULFONYLUREA 
FIG. 1. Effect of tolylsulfonylurea on blood sugar 
of normal and alloxan diabetie rats. Blood sugar 
concentration at each hourly interval is expressed 
‘as % (mean + SE) of initial concentration. 
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Summary. Oral administration of 100 mg 
1-3-butyl-p-tolylsulfonylurea per kg body 
weight to normal rats results in a marked 
hypoglycemia within one hour which persists 
for 4 hours. No significant change occurs in 
blood sugar of similarly treated alloxan dia- 
betic rats. 
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Fenn and Asano(1) have observed in cats 
an increased acidity or fall in the alkali re- 
serve of the blood during CO, inhalation, 
which could not be explained by movements 
of sodium, potassium, or chloride between tis- 
sues and plasma, and Shaw and Messer(2) 
have similarly observed a fall in the bicar- 
bonate level during COs breathing. 

These experiments were undertaken to help 
clarify these findings and to identify if pos- 
sible the acid mobilized by COs. 

Procedure. The effect of high CO. tension 
on blood lactic acid was investigated in cats. 
Each animal was anesthetized by intraperi- 
toneal injection of dial with urethane. Ure- 
thane has been found to raise the blood sugar, 
but not the lactic acid and allows for a large 
and rapid effect of adrenalin on the blood lac- 
tic acid(3). Four different gas mixtures were 
used, 10%, 20%, 30%, and 40% COs in 
oxygen. Thus in every case the experimental 
animal was assured of a sufficient supply of 
oxygen to avoid any possibility of anoxic lac- 
tic acid formation. The desired gas mixture 
was inhaled by the cat from a spirometer 
through respiratory valves and a tracheal can- 
nula. Blood samples were taken from the 
right carotid artery and were immediately de- 


* This work was supported in part by the Ernest 
L. Woodward Fund of the University of Rochester. 


proteinized with trichloroacetic acid to stop 
glycolysis. After the tracheal and arterial 
cannulation, heparin was injected (10 mg/kg 
of body weight). One sample was always 
taken just before the onset of COs inhalation. 
The lactic acid was determined colorimetri- 
cally by the method described by Barker and 
Summerson (4). 


Results. The findings of these experiments 
are illustrated in the accompanying graphs. 
Increments of lactic acid in m. eq./liter above 
the rather variable initial blood level are 
plotted against time after the beginning of 
COy: inhalation. To save space, a logarithmic 
time scale has been used. In the graphs on 
the left, the different concentrations of CO» 
were inhaled for 10 minutes, (solid lines) 
after which the cat breathed air, (dotted 
lines) while in those of the right, the CO, 
was inhaled for one hour or more and a few 
curves are continued as dotted lines during 
recovery breathing air. The initial levels of 
lactic acid corresponding to each curve are 
indicated by points with appropriate symbols 
plotted just to the right of each graph. 

With 10% COz there is often a slight fall, 
but never a definite increase in lactic acid. 
The increase with 30% and 40% COz is on 
the average somewhat greater than with 20%. 
The cats were unable to take 40% COz for 
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FIG. 1. Changes in lactic acid concentration of blood resulting from inhalation of different 

concentrations of CO., as indicated on the graph. Abscissae represent time after beginning of 

CO, inhalation in logarithmic units. Duration of CO, period was uniformly 10 min. in the 

graphs on the left; in graphs on the right the duration is longer as indicated by length of solid 

line. Broken lines represent recovery periods breathing air. The initial level of lactic acid 

before CO, is indicated by the appropriate symbol for each experiment on the right of the 
graph. 


periods much longer than 10 minutes without 
cessation or serious depression of respiration 
and the possibility of anoxia. With 10 min- 
ute exposures to COs the lactic acid reached 
a maximum at 15 minutes and then returned 
to normal in about one hour. With longer ex- 
posures the lactic acid continued to rise as 
long as the CO» was breathed or at least for 
one hour. In 3 out of 4 cases where recovery 
was followed after a prolonged COs exposure, 
there was a slight additional rise of lactic acid 
when the COs was discontinued. A similar 
“off effect”? may account for the fact that the 
15 minute values in short term exposures 
(taken after 5 minutes of recovery) seem to 
be on the average higher than the 15 minute 
values during the prolonged breathing of COs. 
No correlation was found between the initial 
level of lactic acid and the magnitude of the 
increase under similar CO, concentrations 
and no other single factor seems to account 
for the wide variation in response that occurs 
in different cats with identical CO. mixtures. 
It is likely that a combination of experimental 


factors and individual differences is in- 
volved. 
Discussion. The release of adrenalin by 


COz inhalation in cats has been observed by 
the resulting contraction of a previously de- 
nervated nictitating membrane by Fenn and 
Asano(1). It is assumed that the rise in 
blood lactate in these experiments is at least 
partially due to the action of the liberated 
adrenalin(5). 

The rise in lactic acid found in these experi- 
ments after inhalation of 30% COs for 60 
minutes was 0.5 to 2.9 m. eq. per liter. Fenn 
and Asano(1) under comparable conditions 
found a decrease in bicarbonate (measured at 
constant pCOz) of 4.16 m. eq. per liter. The 
lactic acid therefore is only partially sufficient 
to explain the acidity previously observed. In 
the experiments of Shaw and Messer(2) it 
was reported that inhalation of 10-11% CO. 
for 40 minutes caused a decrease of bicar- 
bonate (at constant pCO) of 1.9 m. eq. per 
liter (4.2 vol %). This figure is in good 
agreement with the results of the present ex- 
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periments although there seems to be some 
discrepancy in the threshold CO». concentra- 
tion required for lactic acid formation. In 
the experiments reported here 10% CO, 
never caused a rise in lactic acid concentra- 
tion, but this is close to the threshold and a 
deeper anesthesia or a slightly larger respira- 
tory dead space in the experiments of Shaw 
and Messer might have increased the alveolar 
COz sufficiently to cause an effect. 


In contrast to the results of these experi- 
ments, high COz tensions have been reported 
to cause a fall in lactate in dogs(6), as well 
as an increased breakdown of phosphocreatine 
in isolated muscle(7). Further an increase 
in lactate has been reported during a respira- 
tory alkalosis in dogs(6) and in a heart-lung 
preparation(8), and also following the injec- 
tion of an alkaline solution in dogs(9,10). 
This suggests a metabolic buffering mechan- 
ism whereby more lactic acid is produced 
when the pH rises, and less lactic acid when 
the pH falls. In consideration of such data, the 
results of the present experiments, showing an 
increase in lactic acid on inhalation of COs, 
require some explanation, possibly on the 
basis of a species difference. The data of 
Giebisch, Berger, and Pitts(6) indicate a fall 
of approximately 1.0 mMol of lactate per 
liter in dogs that had been breathing 20% 
COs-80% Os for 75 minutes, while in the ex- 
periments on cats presented in this paper, 
there is never any evidence of a drop in lac- 
tate at any time up to nearly 3 hours with 
20%, 30%, or 40% COz in the inspired air. 

This apparent contradiction in the results 
with cats and dogs may be explainable by a 
greater dominance or influence of the sympa- 
thetic nerves in cats(11). It is possible that 
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the metabolic buffering mechanism seen in 
dogs tends to occur also in cats during COz in- 
halation, but is masked by a release of adren- 
alin, which enhances the breakdown of muscle 
glycogen to lactic acid. If there is any pur- 
posefulness to be discerned in the reaction ob- 
served in cats, it must depend upon some fea- 
tures of the response other than the change in 
pH since lactic acid enhances the acidity 
caused by COs. Guinea pigs apparently be- 
have like cats in this respect since Schaefer, 
King, Mego, and Williams(12) have reported 
an increase of 5.3 m. eq./liter of lactic acid 
1 hour after breathing 30% COs in Os. 

Summary. Inhalation of 20-30% COs in | 
oxygen by cats causes a progressive increase 
in the lactic acid concentration of the blood, 
due in part to the liberation of adrenalin. 
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Improved Method for Determination of Inorganic Sulfate in Biologic 


Fluids.* 


(22299) 


CuartEes R. KLteemMan, Eva TABorsky, AND FRANKLIN H. EPSTEIN. 
(Introduced by P. K. Bondy.) 


Department of Internal Medicine, Yale University School of Medicine, New Haven, Conn. 


Numerous adequate technics for the deter- 
mination of fairly large amounts of inorganic 
sulfate in biologic material have been avail- 
able for many years(1-3). However, the low 
concentration of inorganic sulfate in the 
plasma (2-3 mg % as SO;) has rendered most 
of these methods inadequate for use with 
relatively small amounts of plasma (i.e. one 
to 2 cc). The basic technic which has ap- 
peared most applicable to the analysis of 
small quantities of inorganic sulfate in bio- 
logic fluids is benzidine precipitation of the 
sulfate(4). Benzidine, a weak organic base, 
forms stable salts with strong mineral acids. 
The sulfate is insoluble in the presence of ex- 
cess benzidine in acid solution and _ particu- 
larly in the presence of organic solvents such 
as acetone and alcohol(4). The optimum 
conditions necessary for the precipitation of 
benzidine sulfate have been extensively 
studied(4-6). The benzidine sulfate must be 
quantitatively determined either titrametri- 
cally(7) or colorimetrically(8). In the for- 
mer, the benzidine sulfate is titrated with 
NaOH by the following reaction: C,;.H¢, 
(NH2)2 H2SO, + 2NaOH = CioHg (NH2)> 
+ NaesO, + 2H2O. According to Peters 
(4) the free benzidine is so weak a base 
that it is not alkaline to phenolphthalin or 
phenolred. The HsSO, combined with it may 
be titrated as the free acid. This procedure, 
although accurate, requires titrating at 
100°C. Letonoff and Reinhold(9) made a 
notable advance in the colorimetric determin- 
ation of benzidine by using sodium 8 naph- 
thoquinone-4-sulfonate as a color reagent. 
With benzidine in alkaline solution this com- 
pound develops a red brown color which 
changes to red on addition of acetone. How- 
ever, the spectral characteristics and stability 
of the final color were not adequately studied. 


* Supported in part by U. S. Public Health Service 
Grant A-625. 


The precipitate of benzidine sulfate, once 
formed, must be separated and washed free 
of excess benzidine. As emphasized recently 
by Dodson and Spencer(6), considerable 
losses of the precipitate may occur during 
these steps. There is a tendency for the pre- 
cipitate to break away during decantation re- 
gardless of the type of centrifuge tube used; 
this they prevented by adding small amounts 
of powdered glass as a rough surface on which 
the precipitate could be packed down. The 
benzidine sulfate has usually been precipi- 
tated from an acetone or ethanol solution and 
subsequently washed with either of these sol- 
vents. In the present study it was found that 
small but consistent losses of the benzidine 
sulfate precipitate occurred when washed with 
either acetone or ethanol. This could be pre- 
vented by washing with a mixture of % 
ethanol and 4% ethyl ether. Benzidine sulfate 
is considerably more insoluble in ethyl ether 
than in either acetone or alcohol. 

By utilizing powdered glass(6), washing 
the precipitate with an ethanol-ether mixture 
and employing the color reagent, sodium £ 
naphthoquinone-4-sulfonate(9) an improved 
technic for the measurement of small amounts 
of inorganic sulfate (10 or more pg) was ob- 
tained. 

Materials and methods. Reagents. 1. HO, 
redistilled; 2. Ethanol, 95%, redistilled over 
NaOH pellets; 3. Benzidine, (Fisher Scien- 
tific Co., B-259), 1 g in 100 ml redistilled 
ethanol, preserved in dark bottle; 4. Tri- 
chloroacetic acid, 20%, redistilled with 208 
mg BaCLyz in 2 ml H,0/200 g trichloroacetic 
acid (analytical reagent); 5. Sodium borate, 
(Fisher Scientific Co. S-248), 1 g in 100 ml 
of 0.1 N NaOH, stored in pyrex bottle. 6. 
Sodium sulfate, anhydrous, A. R., 1.4788 g/l 
of water to give a 100 mg % SO; solution. 7. 
Benzidine hydrochloride, purified according 
to Letonoff and Reinhold(9), 0.1606 g 
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benzidine hydrochloride are placed in 200 ml 
volumetric flask, dissolved in about 50 ml 
water at 50°C, cooled to room temperature, 
diluted to mark and stored in the cold; 8. 
Sodium 1, 2-naphthoquinone-4-sulfonate (S. 
N.S.) (Eastman-Kodak 1372), purified: 2 g 
of crude compound are dissolved in minimum 
amount of boiling water, filtered through 
heated funnel, salted out with absolute 
ethanol, by adding ethanol drop wise to fil- 
trate, filtered by suction on Biichner funnel, 
washed with absolute ethanol, dried with 
ether and stored in dark bottle. The solution 
must be freshly prepared each time by dis- 
solving 150 mg in 100 ml water;t 9. Ether, 
A.R.; 10. Acetone, A.R.; 11. Powdered glass, 
washed, (Fisher Scientific Co. S-248) 15 ml 
heavy wall centrifuge tubes are used. All 
glassware should be rinsed with dilute nitric 
acid. 

Procedure. All urine and serum samples 
are diluted to give a concentration of 20-140 
ug SO, per cc. To 2 ml of the diluted sample 
are added 2 ml of water and 4 ml of 20% 
trichloroacetic acid. Samples are mixed, al- 
lowed to stand for 10 minutes and centrifuged 
for 10 minutes. From the supernatant fluid 
2 ml aliquots are withdrawn and introduced 
into centrifuge tubes. To each of these tubes 
5 ml of 1% benzidine solution is added. The 
mixtures are stirred and stirring rods washed 
with small amounts of ethanol. Centrifuge 
tubes are covered with parafilm and placed in 
ice-bath overnight. On following day? 3 to 
5 mg of glass powder is added to each tube 
and precipitated benzidine sulfate is sepa- 
rated by centrifugation at 2250 rpm for 15 
minutes. The supernatant fluid is decanted, 
with care taken not to loosen any of the pre- 
cipitate. The tubes are drained, inverted on 
filter paper, 5 to 10 minutes and mouths of 


t In the present study, in contrast to Letonoff(9), a 
definite fall in optical density of standards was noted 
if fresh reagent was not prepared with each set of 
analyses. However, as the optical density of the 
standards and unknowns are lowered by proportional 
amount no error is introduced by using S.N.S. pre- 
viously prepared and stored in the cold (4°C). 

t Complete precipitation will occur within 3 hours; 
leaving samples overnight is a matter of convenience. 
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tubes are then wiped with tissue paper. The 
outsides of tubes are washed with acetone by 
medicine dropper. After draining for 1 min- 
ute, the insides of the inverted tubes are 
rinsed with ethanol and tubes are drained for 
5 minutes. The mouths of tubes are again 
wiped with tissue paper and tubes are placed 
upright. Ten ml of an alcohol-ether mixture 
(1:2) is added to each tube and the precipi- 
tate suspended by a stirring rod. Care is 
taken to break the precipitate completely in 
order to dissolve all excess benzidine. The 
glass rods are washed with the same alcohol- 
ether mixture and tubes are centrifuged at 
moderately high speeds for 15 minutes. The 
supernatant fluid is decanted and _ tubes 
drained for 5 minutes. The tubes are then 
wiped and washed inside and outside as be- 
fore. One ml of sodium borate solution is 
then added, the precipitate is resuspended and 
the tubes placed into a water-bath with occa- 
sionally stirring at about 60°C until the pre- 
cipitate completely dissolves. To each tube 
10 ml of water and 1 ml of the color reagent 
(sodium 1:2 naphthoquinone-4-sulfonate) 
are added and allowed to stand for 5 to 6 
minutes. Two ml of acetone are then added 
to each tube and the solutions are mixed, cen- 
trifuged and supernatant fluid is poured into 
colorimeter tubes. Care is exercised that 
identical numbers of minutes elapse between 
addition of color reagent and of the acetone 
to each tube. The optical density of the so- 
lutions is determined in the Coleman Junior 
Colorimeter at 490 my. All analyses were 
done in triplicate or quadruplicate. 


Standards. Stock standard benzidine hy- 
drochloride is diluted 30 fold. To 7 centri- 
fuge tubes 1 to 7 ml of this diluted standard 
solution is added and the volumes made up 
to 10 ml with water. A blank tube containing 
10 ml of water is prepared with each deter- 
mination. To all tubes sodium borate, color 
reagent and acetone are added as outlined be- 
fore. 


Results. Characteristics of benzidine- 
sodium 8 naphthoquinone-4-sulfonate (S.N. 
S.) complex. Fig. 1 illustrates the absorp- 
tion spectrum of final color compound. Maxi- 
mum optical density occurs at 490 mp. It is 
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FIG. 1. Absorption spectrum for final benzidine- 
8 naphthoquinone-4-sulfonate compound as deter- 
mined on Coleman Junior Spectrophotometer. 


of interest that this wave length also repre- 
sents the optimum length for the color devel- 
oped by interaction of this reagent and amino 
acids(10), the amine groups of benzidine 
combining with the S.N.S. to give the ob- 
served color. At this wave length, the stand- 
ard curve follows Beer’s law quite closely be- 
tween zero and 50 yg of sulfate (the benzidine 
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hydrochloride equivalent to these amounts of 
SO;). Rarely at 50 wg, and invariably above 
this level the curve deviates from a straight 
line as illustrated in Fig. 2. Therefore for 
maximum accuracy the precipitate of benzi- 
dine sulfate should be equivalent to 50 y of 
sulfate or less. Although the slope of this 
curve is readily reproducible small variations 
in optical density of the standards from one 
analysis to the next necessitates that a set of 
standards be run simultaneously with the un- 
knowns. Maximum color development occurs 
in 5 to 6 minutes and this is stable for at least 
2 hours if room temperature is relatively con- 
stant. After 2 hours optical density decreases 
slowly and proportionally in all samples. 


Recovery of benzidine sulfate from stand- 
ard solutions, urine and serum. In Table I 
are listed recoveries of sulfate from solutions 
of known concentration. The mean recovery 
for this series was 98.8% (range 94-104) 
however, recoveries below 97% were seen 
only with the sample containing 10 y of sul- 
fate. Sulfate added to serum and urine was 
quantitatively recovered (Table II). The 
mean recovery from serum was 100.5% 


(range 97-102) and from urine 99.0% (range 
97-104). 


Duplicate determinations on fresh 
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FIG, 2. Calibration curve for benzidine-g naphthoquinone-4-sulfonate compound at 490 Mu. 
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TABLE I. Analysis of Pure Sulfate Solutions. 

Five determinations* in each solution. 

Sulfate,t ——Found——, % 
wg Mean Range variation 
10 10.1 9.4-10.4 94-104 
20 19.7 19.4-20.0 97-100 
30 30.1 29.0-30.4 98-103 
40 39.7 39.0-40.0 99-100 
50 49.9 49.2-52.0 98-104 
60 59.5 58.0-62.0 97-103 
70 69.5 68.0-70.7 97-101 


* Each determination done in triplicate. 
+ Sulfate present in initial aliquot of solution. 


or frozen serum and urine were reproducible 
within a range of + 2.5%. If, however, 
serum or urine were stored at 4-5°C in the 
unfrozen state for 24 hours or longer an in- 
crease in concentration of inorganic sulfate 
was almost always noted, probably as a con- 
sequence of some degeneration of organic sul- 
fates in these biologic fluids. 

The mean concentration of inorganic sul- 
fate in the sera of 15 normal subjects was 
2.84 mg % (range 2.23-3.90). These values 
are comparable to those obtained by other in- 
vestigators using benzidine or other technic 
GES 1). 

It has been reported that inorganic phos- 


phates in concentrations found in human 
TABLE II. Recovery of Sulfate Added to Serum 
and Urine. 
7 Total—_, Jo of 
Ndded Tee expected 
sulfate, pected, Found, SO§ re- 
Serum ug ug ug covered 
M 
1 (15.4) * 15.0 30.4 31.0 102 
30.0 45.4 46.4 102 
es 30.0 45.4 44.2 97 
2 (30.0) 15.0 45.0 46.0 102 
a 15.0 45.0 44.0 98 
? 30.0 60.0 60.2 100 
3 (41.6) BS 44.9 45.0 101 
y 6.6 48.2 49.4 102 
Urine : 
IG yes 30.0 41.2 39.8 97 
2 (22.5) 20.0 42.5 41.5 98 
a 15.0 37.5 37.8 100 
3 (21.86) « 22.5 44.1 44.8 102 
2% 15.0 36.6 38.0 104 
4 (16.0) 22.5 38.5 38.0 99 
5 (32.0) 22.5 54.5 55.7 102 
Hy 15.0 47.0 47.6 101 
6 ( 9.6) 7.9 iyfedl 16.7 98 


* Sulfate present in initial aliquot of serum and 
urine. . 
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urine are coprecipitated as benzidine salts and 
must be removed prior to precipitating inor- 
ganic sulfate(5,7). With the present technic, 
however, urinary inorganic phosphates in con- 
centrations up to 150 mg % did not interfere 
with sulfate precipitation. This was investi- 
gated by determining urinary sulfates before 
and after precipitation of phosphate as mag- 
nesium ammonium phosphate(12).§ 

The reproducibility and accuracy of the 
present method was equal to or better than 
other procedures utilizing larger quantities of 
plasma or serum(1,2,3,7,13). However, it 
must be stressed that, like all procedures re- 
quiring quantitative recovery of a small pre- 
cipitate, utmost care is essential. 

Summary. 1) An improved method for the 
determination of inorganic sulfate in biologic 
fluid has been presented. 

2) The results compare favorably with 
other methods requiring larger quantities of 
serum or plasma. 


§ Powdered calcium hydroxide(4) was found un- 
suitable as an agent to precipitate phosphate because 
varying amounts of sulfate were found to be copreci- 
pitated with calcium phosphate. 
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The neurohypophyseal octapeptides, oxy- 
tocin and vasopressin, have been separated 
from the posterior lobes of oxen as highly 
purified substances by du Vigneaud and his 
collaborators(1,2). Related studies of hog 
pituitary glands led to the isolation of an oxy- 
tocin identical in all respects with the oxy- 
tocin of the ox(1). Hog vasopressin, how- 
ever, differs from ox vasopressin in one re- 
spect: the arginine of ox vasopressin is re- 
placed by lysine(3). The latter hormones 
are therefore conveniently designated as ar- 
ginine or lysine vasopressin according to the 
amino acid characteristic of each. The phar- 
macological effects of the two vasopressins 
differ in one interesting respect which is de- 
scribed in this report. 

Material and methods. ‘Two preparations 
containing lysine vasopressin of different de- 
grees of purity were used: one, a natural ly- 
sine vasopressin, purified but not regarded as 
the pure hormone (No. 686) and the other, 
an extract of acetone-desiccated hog posterior 
lobes (No. 700). The purified natural lysine 
vasopressin was prepared in the Department 
of Biochemistry of Cornell University Medi- 
cal College; we are indebted to Prof. V. du 
Vigneaud for the gift of this preparation. The 
extract of hog posterior lobe powder was 
made by suspending the powder in dilute 
acetic acid at pH 3.0, boiling for 1 minute 
and filtering after cooling. The solutions of 
this extract and of the purified natural lysine 
vasopressin, also dissolved in aqueous acetic 
acid solution at pH 3.0, were sealed in am- 
poules and immersed in boiling water for 10 
minutes before final storage in the refriger- 


* This investigation was supported by research 
grant (H-1788) from National Heart Institute of 
National Institutes of Health, Public Health Service. 

+ Research Assistant supported by a research grant 
(H-1788) from National Heart Institute of the Na- 
tional Institutes of Health, Public Health Service. 


ator at 1.0°C. The vasopressor potency of 
the stored solutions in terms of U.S.P. stand- 
ard were as follows: No. 686, 1.34 units per 
ml, and No. 700, 3.54 units per ml. The ab- 
solute potency of the samples at the time of 
use were 134 units per mg for No. 686, and 
1.35 units extracted from 1 mg of powder for 
No. 700. The methods of assay have already 
been described(4). They employ intravenous 
injections in the anesthetized rat (vasopressor 
response) and lactating rabbit (milk-ejecting 
response) and in the trained unanesthetized 
hydrated dog (antidiuretic response). The 
antidiuretic response was also determined 
after subcutaneous injection in the hydrated 
unanesthetized rat by the method of Burn 
(5). Lastly, the avian depressor response to 
intravenous injection was measured in the 
anesthetized fowl by Coon’s method(6). 


Results. Because the vasopressor assay 
was considered the most convenient and ac- 
curate to perform in terms of expenditure of 
time, the potency as found by this method 
was chosen as the standard of comparison 
with the other pharmacological properties. 
The pattern of the pressor response to lysine 
vasopressin with regard to dose-response re- 
lationship and duration of action was identi- 
cal with that elicited by the U.S.P. reference 
standard or by arginine vasopressin. The 
variability in potency from ampoule to am- 
poule is indicated by the following result: 
134.3 units per mg with a standard error of 
+ 5.6 units for No. 686 from vasopressor 
assays in 12 rats with as many ampoules. 


In Table I, the relative potencies of natural 
arginine and lysine vasopressins compared by 
the different tests are listed. In addition, the 
potencies of the extract of hog posterior pitui- 
tary powder are recorded; this extract also 
contained oxytocin which accounts for the 
high potency of this extract as tested for its 
effects on the blood pressure of the fowl and 
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TABLE I. Relative Potency of Arginine and Lysine Vasopressins. 


OOOO 


Tests of potency 


Milk- 
Avian ejecting 
Pressort —— Antidiuretic—— depressor (rabbit, 
Preparation (vat, iv.) (Dog,i.v.) (Rat,s.c.) (fowl, iv.) Ave) 
Arginine vasopressin (natural) 100 100 100 14 17 
Lysine vasopressin (natural) 100 15 110 16 22 
Extract of hog post. pituitary* 100 iy 88 127 130 


* Contained both vasopressin and oxytocin. 
t In these experiments, the pressor effeets of 


assigned a value of 100. 


on the pressure in the lactating mammary 
gland of the rabbit. The avian vasodepressor 
and milk-ejection effects of lysine vasopressin 
are qualitatively indistinguishable from those 
of arginine vasopressin. Also the avian de- 
pressor-pressor and milk-ejection-pressor ra- 
tios show within the limits of experimental 
error a satisfactory agreement. In contrast 
to the findings in the above mentioned _ bio- 
assays, the relative antidiuretic potency of ly- 
sine vasopressin after intravenous injection 
in the dog is much lower than that of its ar- 
ginine congener and requires more detailed 
consideration. 

Whenever highly purified lysine vasopres- 
sin is administered intravenously to the un- 
anesthetized hydrated dog, the antidiuretic 


i os OB or oe 
t t t t 


URINE PER MINUTE 


ml 
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j 
50 100 150 200 
TIME IN MINUTES 

FIG. 1. Antidiuretic response in trained unanes- 
thetized dog after intray. injections of: S. U.S.P. 
Posterior Pituitary Reference Standard, 1 mU/ml. 
B. Extract of human infundibular stem, No. 722 
(containing arginine vasopressin), 1:20. A. Puri- 
fied lysine vasopressin, No. 686, 6.7 mU/ml accord- 
ing to vasopressor assay in the rat. W represents 
fractions of liters of water by stomach tube in ad- 
dition-to 0.4 liter at —75 and —60 min. 


the 3 preparations in the rat were arbitrarily 


response differs qualitatively as well as quan- 
titatively from that observed following the 
injection of arginine vasopressin. First, the 
urine flow in the first 5-minute period follow- 
ing the intravenous injection of lysine vaso- 
pressin is about the same as in the second 5- 
minute period, whereas the antidiuresis pro- 
duced by the arginine compound is commonly 
much more marked in the second period (Fig. 
1). Secondly, lysine vasopressin as assayed 
intravenously for its antidiuretic action in the 
dog, has about one-sixth of the potency of ar- 
ginine vasopressin when both are compared 
with their vasopressor potencies in the rat 
(Table I). 

In an endeavor to compare the antidiuretic 
potencies of the vasopressins by a method em- 
ploying a different route of administration, 
assays were performed in the rat by the 
method of Burn. Eleven groups of 4 animals 
each were employed using 2 dose levels of 
each preparation in at least 10 groups (40 
rats). The parameter of time to 50% excre- 
tion of the water load was chosen since it ap- 
peared to be less influenced by the retention 
of urine in the bladder. Under these condi- 
tions, lysine vasopressin, like its arginine rela- 
tive, evokes an antidiuresis which is equiva- 
lent to its pressor potency. To learn whether 
there is a general difference in the response of 
the dog and rat to lysine vasopressin, quanti- 
tative estimates of the vasopressor potency 
of the hormone after intravenous injection 
were made in the dog. The vasopressor ac- 
tion of lysine vasopressin was identical in the 
dog and rat in terms of U.S.P. standard. 

Discussion. Experiments with highly puri- 
fied arginine vasopressin demonstrated that 
the antidiuretic hormone is probably identical 
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with the vasopressor hormone of the neuro- 
hypophysis of oxen. In the quantitative de- 
termination of arginine vasopressin in an ex- 
tract either type of assay could be employed. 
With the isolation of another naturally-occur- 
ring vasopressin which has a 1:6 murine vaso- 
pressor-canine antidiuretic ratio of doses, as- 
says for antidiuretic hormone must take into 
account the source of the preparation, the 
species used for assay and the route of admin- 
istration. The low potency of lysine vaso- 
pressin as an antidiuretic agent in the dog 
could be attributed to a difference in the re- 
sponse of another species. This explanation 
is untenable as a general statement because 
the vasopressor potency of lysine vasopressin, 
in comparison with the U.S.P. standard, is 
the same in the rat and dog. 

Other investigations, some of which are 
still in progress, indicate that extracts of the 
neurohypophysis of man, the monkey, dog, 
rat, ox, sheep and camel, when assayed by in- 
travenous methods, show a 1:1 ratio for vaso- 
pressor and antidiuretic potencies. The work 
described in this paper suggests that arginine 
vasopressin is the principal if not the only 
neurohypophyseal hormone responsible for 
these actions in the above mentioned species. 

Summary. 1. The pharmacological effects 
of lysine and arginine vasopressins are the 
same with respect to their relative vasopres- 
sor, milk-ejecting and avian depressor poten- 
cies. 2. The ratio of pressor potency to anti- 
diuretic potency is 1 for arginine vasopressin 
and 6 for lysine vasopressin when the anti- 
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diuretic potency is determined by intravenous 
injection in the hydrated, unanesthetized dog. 
On the other hand, this ratio of potencies is 1 
for both vasopressins when the antidiuretic 
potency is determined by subcutaneous injec- 
tion in the hydrated, unanesthetized rat. 3. 
Lysine vasopressin, compared with the U.S.P. 
standard or arginine vasopressin, is equally 
potent as an intravenous pressor agent in the 
dog and rat. Potency refers to relative po- 
tency; potency in units per mg is much higher 
for purified arginine vasopressin. 4. Lysine 
vasopressin is peculiar to the hog. The vaso- 
pressin of man, the macaque monkey, dog, 
rat, ox, sheep and camel appears, by pharma- 
cological criteria, to be arginine vasopressin. 
These conclusions are tentative and must be 
confirmed by the isolation of the hormone 
from each species, other than the ox and hog, 
together with the demonstration of the amino 
acid composition of each vasopressin. 
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In this study arterial pressure was recorded 
during the entire period of tourniquet shock 
in the rat. The object was to correlate the 
pressure with the course and fatal outcome of 
the shock state. 

Method. Our standard method for the pro- 
duction of shock in rats involves a high uni- 


lateral tourniquet applied to the left hind ex- 
tremity for 5 hours. The technic was de- 
scribed previously(1). White male rats 
weighing about 250 g were used. Prior to re- 
moval of the tourniquet, the animals were 
anesthetized with 2% Nembutal, given intra- 
peritoneally, and each received 0.2 cc liquid 
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heparin by vein. The right femoral artery 
was then cannulated (the carotid artery was 
used in a few instances) and connected to a 
mercury manometer. Practically all parts of 
the apparatus were treated with Monocote 
(Armour) to provide a non-wettable surface. 
Control readings were taken for several min- 
utes before the tourniquet was released. Di- 
rect arterial pressures were obtained through- 
out the course of shock in 15 animals. In an 
occasional rat there was need for an extra 
dose of anesthesia during the period of obser- 
vation. 

Results. The arterial pressure curves were 
basically similar in all 15 rats with tourniquet 
shock. Fig. 1 illustrates 3 such curves in ani- 
mals which died at 1%, 3, and 5 hours re- 
spectively after removal of the tourniquet. 
114 and 5 hour animals represented the short- 
est and longest survivals in the whole group. 
The mean survival time was 2 hours and 40 
minutes. 

The initial pressure in the various animals 
ranged from 104 to 130 mm, and there was no 
significant change during the control period. 
Almost immediately after tourniquet release, 
i.e. within a minute or so, there was an abrupt 
fall in pressure to levels of about 70 to 80 
mm. ‘This was probably due to reactive hy- 
peremia in the injured limb as indicated by a 
bright pink flushing of the paw promptly 


Ate a Ee 


ft ee re a 


Blood Pressure in mm. Hg. 
Ss 
lie 
reel eee ol eel 


50 5 
Ets 
AO ae 
5 
tS 
L c 
we 3 
eae 
10}- 
al | ! ! 1 fe eee 
1 3 4 5 
Time in hours 
FIG. 1. Arterial pressures in tourniquet shock. 
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after the tourniquet was removed. However, 
participation of nervous factors or possibly 
toxic material from the damaged extremity is 
difficult to exclude with certainty. 


After the initial sharp drop, the arterial 
pressure showed a further mild decline for a 
short interval of about 10 to 15 minutes. 
Then over approximately the next one to 4 
hours, depending on the duration of life, and 
continuing until shortly before death, there 
was sustained hypotension. During this time, 
which comprised most of the shock state, the 
pressure was maintained within a relatively 
narrow range of about 60 to 70 mm or 70 to 
80 mm. That this occurred in spite of pro- 
gressive shock with marked fluid loss in the 
injured limb amounting to about 5% of body 
weight(1) and reduction in effective circulat- 
ing blood volume to about half the normal 
value(2), was presumably due to compensa- 
tory adjustments of the circulation such as 
vasoconstriction, increased cardiac action, etc. 
In fact the compensatory mechanism was 
probably responsible for the tendency of ar- 
terial pressure to rise slightly in some animals 
during the latter part of the shock state. 

Terminally, over a period of a few to about 
20 minutes, there was a collapse of the ar- 
terial pressure which was associated with 
death. This was the only interval during the 
entire course of shock when the pressure fell 
below 40 mm Hg. The most abrupt decline 
occurred in animals with the shortest survival 
time (Fig. 1). 


The reason for the terminal drop in pres- 
sure was obscure. There was no clear indica- 
tion that it resulted from impairment of car- 
diac action. No dilatation of the heart or pul- 
monary edema was found at autopsy. In fact 
examination failed to reveal any significant 
lesions beyond those observed in animals sac- 
rificed prior to the terminal phase. It is un- 
likely, and at least not proven, that the cause 
was abrupt capillary stasis, either generalized 
or local. Through reduced blood fiow and 
progressive anoxia in tourniquet shock, there 
is profound tissue injury with impairment of 
vital functions but exactly how this relates to 
sudden decline in arterial pressure and death 
is not clear. 
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Discussion. We are unaware of previous 
studies of arterial pressure curves in rats with 
tourniquet shock. Pressures generally re- 
sembling those in this study have been noted 
in dogs with tourniquet(3,4) or compression 
shock(5) and also in dogs with plasmaphere- 
sis(6). 

The arterial pressures following release of 
a unilateral 5 hour tourniquet are of interest 
in connection with the problem of irreversibil- 
ity. We have shown that this fulminant form 
of shock is not characterized by an irreversible 
stage. To the contrary it is reversible via 
fluid therapy, with or without replacement of 
the tourniquet, even up to the time of death 
(7,8). In addition, evidence is available that 
no bacterial factor is involved(9). 


It might be said that this type of shock 
lacks irreversibility because it is not associ- 
ated with drastic hypotension. Throughout 
most of tourniquet shock in our study the ar- 
terial pressure remained above 60 mm Hg. 
Blood pressure becomes especially pertinent 
when the tourniquet and hemorrhagic forms 
of shock are compared, since extremely low 
pressures, i.e. 30 to 45 mm Hg, maintained 
over a period of time, often form the basis of 
standard irreversible hemorrhagic shock(10, 
11). Such technics, which involve loss of 
whole blood rather than plasma, presumably 
give more marked anoxia and tissue injury 
than occur in tourniquet shock and this might 
be a critical factor in the development of an 
irreversible state. 


Regardless of the validity of this argument, 
there is no doubt that profound tissue injury 
can result from marked and rapid loss of 
plasma. In fact such injury in the tourniquet 
and related procedures is clearly out of pro- 
portion to the degree of hypotension. For 
example it was shown in dogs with compres- 
sion shock that systemic blood flow was seri- 
ously impaired even when arterial pressures 
exceeded the 50 to 70 mm Hg range(5). In 
dogs with acute plasmapheresis cardiac output 
declined more rapidly than the blood pressure 
and the discrepancy was more marked with 
loss of plasma than with comparable hemor- 
rhage(6). Our own view is that arterial pres- 
sure is not a reliable criterion of either the 
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severity or outcome of tourniquet shock. 

As indicated, the shock we produce by re- 
lease of a unilateral 5 hour tourniquet is of 
acute type and, if untreated, causes death 
within a few to several hours. Nevertheless, 
proper therapy will save even moribund ani- 
mals. Successful reversal of the shock state 
can be obtained in the last few minutes of 
life, when arterial pressure is declining 
abruptly and the levels are about 30 to 40 
mm. Approximately 70% of rats recover 
with fluid therapy alone(8) and nearly 100% 
with fluid plus replacement of tourniquet(7). 
This indicates that in the rat tourniquet shock 
is basically a reversible form of shock. 

Summary. Arterial pressure in rats with 
fatal tourniquet shock shows 3 main phases: 
(1) an abrupt fall immediately after tourni- 
quet release, (2) sustained hypotension within. 
a relatively narrow range during most of the 
shock state, and (3) a terminal more or less 
rapid decline associated with death. Only in 
the terminal period does profound hypoten- 
sion intervene, with levels below 40 mm. A\I- 
though arterial pressure is not a reliable in- 
dex of the severity of tourniquet shock, the 
absence of drastic hypotension might help ex- 
plain why this form of shock is not irrevers- 
ible. 
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In this communication we wish to report 
our experience with hemodialysis performed 
on dogs with raised blood ammonia values. 

The use of portacaval shunts for portal hy- 
pertension and the use of cation exchange 
resins have presented problems in ammonia 
metabolism resulting in a considerable revival 
of interest in the metabolism of amino acids 
and ammonia in liver disease(1,2). Many 
patients in hepatic coma and acute liver fail- 
ure have demonstrated an increase in the 
value for ammonia in the blood(3).  Ele- 
vated blood ammonia values have been found 
and also induced in some patients with porta- 
caval shunts (anastomosis of the portal vein 
to the vena cava)(1). It seemed of interest 
therefore to see whether the Kolff artificial 
kidney would reduce the values for blood 
ammonia in patients and in experimental ani- 
mals. 


Materials and methods. A number of dogs 
have been subjected to hemodialysis using a 
modified Kolff dialyzer. Mongrel dogs weigh- 
ing from 10 to 20 kg were prepared by pro- 
ducing an end to side portacaval shunt. The 
“meat intoxication” syndrome was induced 
by feeding of meat and urea as described by 
Riddell(4). Eight dogs with an elevated 
blood ammonia level and ‘‘meat intoxication” 
manifested by lethargy, blindness, ataxia, 
catatonia, or convulsions were treated with 
the artificial kidney for 3 hours using a flow 
of 100 ml per minute and a dialyzing surface 
of about 12,000 cm?. Blood ammonia, meas- 
ured by the microdiffusion technic of Conway 
(5) utilizing a 10 minute diffusion time(6), 
was measured at the beginning of the cello- 
phane loops used for dialysis and 2 minutes 
later at the end of these loops, the determina- 
tions were made intermittently during the 
period of dialysis for the purpose of evaluat- 
ing the rapidity of removal of blood ammonia. 


* This work was supported by a grant from the 
U.S. Public Health Service. 


Results. Percent removal of blood am- 
monia under these circumstances has been 
plotted against arterial concentration. (Fig. 
1). It can be seen that blood ammonia con- 
centration has been generally lowered by 
50% during one passage through the arti- 
ficial kidney with a tendency toward higher 
percentage removal with higher blood concen- 
trations. The total amount of blood ammonia 
removed was estimated by multiplying the 
amount removed per milliliter of blood by the 
volume of blood dialyzed for successive 
twenty minute periods throughout the dialy- 
sis. This total amount removed was found to 
vary in 4 dialyses from 15,000 ng to 130,000 
pug. When approximately 25,000 ug of blood 
ammonia had been removed, ammonia be- 
came detectable in the 100 liters of bath fluid 
used. No ammonia was ever detected in the 


bath fluid at the start of dialysis. The dif- 
100, 
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FIG. 1. Removal of ammonia from blood during 
one passage through a Kolff artificial kidney. 
Graph indicates % ammonia removed from blood 
of experimental animals with elevated values for 
blood ammonia. Note that the higher the value 
for blood ammonia the greater the extraction by 
dialysis. Normal value for blood ammonia in dogs 
is usually under 1 pg/ml. (Flow—100 ml/min. ; 
dialyzing surface—approximately 12,000 em*.) (At 
a flow of 100 ml/min., clearance in ml/min. by the 
artificial kidney is numerically equal to percent re- 
moval. ) 
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fusion of ammonia out of the bath fluid into 
the air however, may make erroneous an esti- 
mation of ammonia removal based on the 
amount of ammonia in the bath fluid. No fall 
in blood ammonia was noted on passage of 
blood through the artificial kidney if the cel- 
lophane loops were not immersed in the bath 
fluid. In fact a small but definite rise in 
blood ammonia was noted under these circum- 
stances. 
shunts when subjected to hemodialysis in the 
same manner as those with meat intoxication 
did not show any appreciable elevation of 
ammonia in the blood entering or leaving the 
kidney. 

Comment. The invariable lowering of 
blood ammonia concentrations during passage 
through the artificial kidney and the appear- 
ance of ammonia in the bath water as dialysis 
proceeded indicated to us that hemodialysis 
removed blood ammonia in dogs with elevated 
blood ammonia levels. 

We are presently using this method of re- 
moving blood ammonia to study certain as- 
pects of liver disease. Whether hemodialysis 
may have any clinical value in the treatment 
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Normal dogs without portacaval 
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of hepatic coma is also being investigated. 

Summary. Blood ammonia, as measured 
by the microdiffusion technic of Conway, is 
removed efficiently from the blood of dogs 
with elevated blood ammonia levels by a 
Kolff type artificial kidney with a dialyzing 
surface of 12,000 cm?. When flow through 
artificial kidney is 100 ml/minute the clear- 
ance of blood ammonia varies from about 50 
ml/minute at lower arterial concentrations of 
blood ammonia to about 80 ml/minute at 
higher arterial concentrations. 
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L. Martini, A. De Por, anp S. Curri. (Introduced by H. Sobel.) 


Department of Pharmacology, University of Milan, Italy. 


It has been shown that antidiuretic and 
oxytocic hormones of the hypothalamic- 
posthypophyseal system* may stimulate the 
anterior lobe of the pituitary gland to dis- 
charge ACTH. It has been demonstrated 
that these hormones produce, when injected 
into normal animals, significant fall of circu- 
lating eosinophils(2), adrenal ascorbic acid 
(3) and cholesterol(4); these actions which 
have not been observed in hypophysectomized 


* There is much positive evidence to support the 
view that “posterior pituitary hormones” are pro- 
duced by cells of the nuclei supraopticus and para- 
ventricularis and pass along the axons of the tractus 
supraoptico-hypophyseus into the posterior lobe 
which serves as a storage-release center(1). 


animals(3,4), are apparently due to stimula- 
tion of the adenohypophysis. Release of 
ACTH occurs also in hypophysectomized 
rats bearing a hypophyseal graft in the an- 
terior chamber of the eye after local injection 
of small amount of posterior pituitary hor- 
mones into the subconjunctival space(5). 
This observation rules out the possible par- 
ticipation of a “stress” reaction in the ACTH- 
releasing power of posterior pituitary hor- 
mones. These results are in agreement with 
the hypothesis(2-6) that hormones produced 
in. the hypothalamic nuclei may act as neuro- 
humoral agents in the hypothalamic control 
of the activity of the anterior lobe of the 
pituitary gland. 
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TABLE I. Effect of Continuous Injection of Antidiuretie (Pitressin, Parke-Davis) and Oxy- 
tocic Hormones (Pitocin, Parke-Davis) on Mean Weight of Body, Hypophysis and Adrenal 
Glands in Normal Rats; 10 Rats in Each Series, Treated 15 Days. 


Hypophysis Adrenal wt 
Body wt (g) wt (mg/100g — (mg/100g 
Treatment Initial Final final body wt) final body wt) 

Pitressin (.5 U/rat) 148 + 5 146 + 8 4.41 + .20 15.92 + .8 

Pitocin (.5 U/rat) 158+7 154+6 4,48 + 21 15.02 + .9 

9% NaCl 1388+5 145+7 4.66 + .30 11.76 + .7 

Inactivated Pitressin 156 + 8 162 + 6 4.35 + .20 10.85 1.1 

(.5 U/rat) oh 


The experiments here described confirm 
that both antidiuretic and oxytocic hormones 
may induce a conspicuous discharge of 
ACTH; these hormones produce, when 
chronically injected in normal rats, consider- 
able modifications of adrenal weight and his- 
tology, which are prevented by hypophysec- 
tomy; injections of hormones previously in- 
activated with sodium thioglycollate are with- 
out any activity. 

Methods. Normal and hypophysectomized 
male Sprague-Dawley rats, average weight 
150 g, were used. All animals were given a 
commercial diet and drinking water ad libi- 
tum. Ten normal rats were given 0.5 U/rat 
of antidiuretic hormone (Pitressin, Parke- 
Davis) in daily subcutaneous injections, 
through 15 days; 10 rats were given 0.5 U/ 
rat of oxytocic hormone (Pitocin, Parke- 
Davis) in same manner and time: 10 rats 
were daily treated with 0.5 U/rat of Pitressin 
previously inactivated in accordance with 
Van Dyke’s thioglycollate method(7); 10 
control rats were daily injected with 1 ml of 
0.9% NaCl solution. An analogous experi- 
ment was carried out in rats hypophysecto- 
mized by the usual parapharyngeal approach. 
The rats were killed 24 hours after last injec- 
tion. Pituitaries and adrenals were carefully 
dissected out and weighed. ‘The pituitaries 
were then stained by Rasmussen-Ignesti’s 
technic: the adrenals were stained with hema- 
toxylin and eosin, with Sudan III and with 
Smith-Dietrich’s method. The lipase content 
of adrenals was studied by Gomori’s method. 

Results. Body and organ weights of nor- 
mal rats treated with posterior pituitary 
preparations are shown in Table I. 

Neither antidiuretic nor oxytocic hormones 
cause significant changes in weights of body 


and anterior pituitary. After treatment with 
either antidiuretic or oxytocic hormones a 
conspicuous and significant enlargement of 
the adrenal glands was observed: the inacti- 
vated hormone was completely ineffective. 


The histological picture of the anterior 
pituitary gland after treatment with active 
Pitressin or Pitocin showed a higher inci- 
dence of basophilic cells. Adrenal glands of 
animals treated with active hormones showed 
a characteristic enlargement of the ‘zona 
fasciculata” and a conspicuous increase of 
sudanophilic material (Fig. 1 and 2); lipasic 
activity was also enhanced. ‘These effects 
were not obtained with the inactivated prepa- 
ration. 


In hypophysectomized rats the posthypo- 
physeal extracts did not produce any modifi- 
cation of weight and of the histology of the 
suprarenal glands (Table II). 

Discussion. The results of these experi- 
ments completely agree with Moehlig’s(8) 
and Hantschmann’s(9) observations; these 
authors have described adrenal hypertrophy 
in rabbits after treatment with whole pos- 
terior pituitary extract; Heinbecker’s(10) ob- 
servation that posterior pituitary hormones 


TABLE II. Effect of Continuous Injection of 

Antidiuretie (Pitressin, Parke-Davis) and Oxy- 

tocie Hormones (Pitocin, Parke-Davis) on Mean 

Weight of Body and Adrenal Glands in Hypophy- 

sectomized Rats; 10 Rats in Each Series, Treated 
15 Days. 


Adrenal wt 


Body wt (g) (Qng/100 g 


Treatment Tnitial Final final body wt) 

Pitressin 165+7 155+ 8 9.11 + 9 
(.5 U/rat) 

Pitoein 170+9 158+7 8.20 + .7 
(.5 U/rat) 

9% NaCl 168+7 157+8 9.02 + 9 
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Fig. 1 


HvypotuHaLAMic STIMULATION oF ACTH SECRETION 


Adrenal cortices fixed in 10% formalin and stained with hematoxylin and eosin. 


FIG. 1. Adrenal cortex of control rat. 


INE, BE i 4 ” rat treated with antidiuretic hormone through 15 days. 


may induce a marked basophilism in the pitui- 
tary gland is also confirmed. 

The evidence herein presented supports 
earlier observations(2-6) that both oxytocic 
and antidiuretic hormones can activate the 
adrenal cortex by causing the release of adren- 
ocorticotrophic hormone; experiments in hy- 
pophysectomized rats eliminate the possibil- 
ity that the effects observed may be due to 
contamination with ACTH of the injected 
hormones. Complete inefficacy of the inacti- 
vated posterior pituitary preparation seems 
to indicate that the ACTH-releasing power is 
strictly linked to the posterior pituitary hor- 
monal molecule and not to an impurity con- 
tained in posterior pituitary extracts as sug- 
gested by Saffran(11). 

These experiments strongly suggest that 
the “posterior pituitary hormones” or some 
related compounds may be considered as a 
neurohumoral agent linking the hypothala- 
mus to the anterior pituitary through the 
portal blood flow(12). Considerable addi- 
tional evidence is now available in favour of 
this hypothesis. 


Green(13), Palay(14) and Scharrer(1) 
have found considerable Gomori-positive neu- 
rosecretory material, (containing posterior 
lobe hormones) in the proximity of the hypo- 
physeal portal vessels, in the median emi- 
nence and in the infundibular stem. Roth- 
baller(15) and Barrnett(16) have shown 
that after exposure of rats to pain stimuli 
the neurosecretory material of the hypothal- 
amo-hypophyseal system is depleted from the 
median eminence and from the infundibular 
process into the portal vessels. Mirsky(17) 
has reported an acute elevation in blood anti- 
diuretic hormone levels after various stimuli, 
such as pain and adrenalectomy, all associ- 
ated with augmented ACTH discharge. Mc- 
Cann(18) observed in rats that hypothalamic 
lesions, which produce diabetes insipidus, uni- 
formly block ACTH secretion; ACTH secre- 
tion appears to be produced in operated rats 
by Pitressin administration. Sobel(19) dem- 
onstrated that Pitressin causes an increased 
excretion of urinary corticoids by guinea pigs. 

Summary. 1) Both antidiuretic and oxy- 
tocic hormones of the hypothalamic-posthypo- 
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physeal system produce, when chronically in- 
jected in normal rats, a significant enlarge- 
ment of the adrenal glands and a conspicu- 
ous increase of the adrenal sudanophilic 
material. 2) The hormones do not produce 
modification in hypophysectomized animals. 
3) An inactivated preparation of antidiuretic 
hormone is completely ineffective. 4) These 
results are consistent with the hypothesis that 
antidiuretic and oxytocic hormones of the hy- 
pothalamo-posthypophyseal system may act 
as neurohumoral agents linking the hypo- 
thalamus to the anterior pituitary through the 
portal blood flow. 
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Actions of Reserpine and Chlorpromazine Hydrochloride on Rat Brain 


Oxidative Phosphorylation and Adenosinetriphosphatase.* 


(22304) 


BERNARD CENTURY AND M. K. Horwirt. 
Biochemical Research Laboratory, Elgin State Hospital, Elgin, III. 


The use of chlorpromazine and reserpine in 
treating psychiatric disorders has been dis- 
cussed by several investigators(1-8). Chlor- 
promazine is widely used as a tranquilizing 
agent for mentally disturbed patients and is 
regarded as a general central nervous system 
depressant capable of potentiating certain 
other depressant drugs(9-11). The sedative 
and hypotensive actions of reserpine have 
been attributed to a central inhibition of the 
sympathetic nervous system(12-14).  Al- 
though chlorpromazine and reserpine are simi- 
lar in their clinical actions, a number of op- 
posing pharmacological characteristics have 
been reported. In contrast to chlorpromazine, 
reserpine facilitates production of convulsions 
by caffeine or metrazol and antagonizes ac- 


* Supported in part by grant from the Mental 
Health Fund of the State of Illinois. 


tions of barbiturates and anti-convulsive 
drugs(15-17). Chlorpromazine-HCl, at con- 
centrations of 10 mg% (2.8 x 10* M) or 
greater, has been reported to depress oxygen 
uptake by brain slices(18). 

In the present investigation, effects of 
chlorpromazine and reserpine upon two im- 
portant high energy phosphate enzymatic re- 
actions were studied. These compounds were 
tested separately and in combinations in or- 
der to detect possible synergistic or antago- 
nistic actions. For comparison chlorpromazine 
was tested in combinations with sodium pen- 
tobarbital, the latter drug also being known 
to uncouple oxidative phosphorylation(19). 


Materials and methods. Adult Sprague- 
Dawley albino rats were used. Fifteen per- 
cent brain homogenates were prepared in iso- 
tonic sucrose with a Potter-Elvehjem type 
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TABLE I. Effect of Reserpine on Oxidative Phosphorylation in Rat Brain Homogenates. 
ee —  —————————————— 


Reserpinegae. Ly! ea AO =n es: 10 
ug/ml uM. % +S8.H patoms %+S8.E Ratio %H+S.E. 
0 27.2 100 10.11 100 2.70 100 
10 27.0 99.2 + 1.6 10.07 99.6 + 1.1 2.68 995 38 
25 25.5 93.4 + 1.2+ 9.70 95.9 + 1.6* 2.63 97.6 == 1.7 
50 23.9 87.8 + 1.8t 9.05 89.6 + 1.8t 2.64 93:2 + 3.1 


A P = umoles inorganic phosphate esterified. A O = patoms oxygen uptake. 


*p <.05 and +t <.01 that differences from controls are due to chance. 


homogenizer. The components added to each 
Warburg flask for the study of oxidative 
phosphorylation were as follows: in the main 
compartment, 100 »M of KCl, 25 uM of 
glycylglycine, 40 »M of KsHPO,, 3 »M of 
KOH, 0.03 »M of cytochrome c, 26 pM of 
Na-pyruvate, 4 »M of malic acid, 2.5 uM of 
K-ATP (neutralized with KOH), 16 »M of 
MgCle, 20 »M of NaF, and 75 mg of rat 
brain homogenate in a total of 1.8 ml of triple 
distilled water; in the sidearm, 5 mg of hex- 
okinase (Pabst) and 50 »M of dextrose in a 
total of 0.2 ml; and in the center well, 0.2 ml 
of 10% KOH. Additions of drugst are indi- 
cated in appropriate tables. Because of its 
insolubility in water, reserpine was dissolved 
in 10% polyethylene glycol containing 0.04 
malic acid and 0.26 M Na-pyruvate, and all 
concentrations of the drug were added to the 
flasks in a total of 0.1 ml containing the sub- 
strates, so that in experiments with reserpine 


t Chlorpromazine hydrochloride and reserpine were 
kindly supplied by Smith, Kline and French Labora- 
tories, Philadelphia, Pa., and Ciba Pharmaceutical 
Co., Summit, N. J., respectively. 


all flasks including controls contained 0.01 
ml of polyethylene glycol as well as the com- 
ponents mentioned above. The vessel con- 
tents when mixed was pH 7.4. All steps di- 
rectly involving the homogenate were carried 
out in an ice water bath until the vessels were 
attached to the manometers and then placed 
in the incubating bath. The sidearms were 
tipped after 6 minutes, and zero time readings 
were taken exactly 3 minutes after tipping 
each flask. Zero time flasks were removed 
and 0.2 ml aliquots were quickly pipetted 
into 2.8 ml of 0.32 M trichloracetic acid. 
Oxygen uptake of the experimental flasks was 
measured for 25 minutes at 25°C, after which 
0.2 ml aliquots were also added to trichlor- 
acetic acid. Inorganic phosphate uptake was 
determined for each set of experimental con- 
ditions(20) and P:O ratios were calculated. 
The method of DuBois and Potter(21) was 
employed for ATPase determinations. In 
experiments with reserpine, the drug was dis- 
solved in 10% polyethylene glycol containing 
0.02 M malic acid, and all test amounts were 
added in 0.05 ml. All flasks including controls, 


TABLE II. Effects of Combinations of Reserpine and Chlorpromazine on Oxidative Phosphorylation in 
Rat Brain Homogenates. 


nee 5 AO ae P :0— 
Chlorpro- % inhibition % inhibition % inhibition 
mazine, Reserpine, by RSP by RSP by RSP 
M X 104 ug/ml pM = +8S.E. jo patoms +8.E. p* Ratio Ss} Sh105 De 
0 0 26.3 9.50 Poll 
50 24.2 7.9+1.3 _- 8.42 11.2 + 2.0 — 2.88 -4.0+ 1.4 — 
2.5 0 23.5 8.56 2.75 
50 18.7 204+14 <.001 (ee, tlaysete Pai Sail 2.60 oases <0 
5.0 0 16.3 6.78 2.41 
50 Oo7 Al ORE F270) 2 OL SER oe) <<CAvON ill Thee a yl 
7.5 0 6.8 4.14 1.64 
50 2.9 57 +4 fe 2.59 37.14 3.4 zu TOT NS 23) 5:3) ee 00M 


RSP = Reserpine. 


*p values indicate significance of inhibition by reserpine in the presence of various concentrations of 
chlorpromazine as compared with reserpine inhibition in the absence of chlorpromazine, 


i 
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TABLE III. Effects of Combinations of Sodium Pentobarbital and Chlorpromazine on Oxidative Phos- 
phorylation in Rat Brain Homogenates. 


————A P. — AO SP: 0 >" 
Chlorpro- Pento- % inhibition % inhibition % inhibition 
mazine, _ barbital, by PTB by PTB by PTB 
WES 10% Mi Xx 1104 pM 8 +S.E. p* yatoms +S.E. p* Ratio +S.E. De 
0 0 28.4 10.59 2.69 
2.5 15.1 469+ 9 — 5.92 440+ .9 — ey EY Ss iss == 
2.5 0 23.6 9.32 2.53 
2.5 12.2 483214 >.1 5.00 464+1.0 >.1 2.44 30 eta ool el 
5.0 0 14.9 7.22 2.06 
2.5 74 50.5%1.6 >.05 3.76 47.9 + 2.1 eo RO Sieuis Olt or ay 
7.5 0 6.5 4.56 1.43 
2.5 2.9 55.3 + 3.3 A 2.67 41.0 + 2.9 a ILO 23.6505: 


PTB — Pentobarbital. 


_ Pp values indicate significance of inhibition by pentobarbital in the presence of various concentra- 
tions of chlorpromazine as compared with pentobarbital inhibition in the absence of chlorpromazine. 


therefore, contained 0.005 ml of polyethylene 
glycol and 1 »M of malic acid as well as the 
other necessary components. Sufficient KOH 
was added to the stock solution of ATP to 
bring the reaction mixture to pH 7.45. 

Results. All of the studies represent deter- 
minations from 6 or more animals each. At 
flask concentrations of 25 and 50 pg/ml of 
reserpine, small but significant decreases in 
phosphate and oxygen uptake were observed 
(Table I), but no significant changes were 
found in P:O ratios(22). 

The depression of oxidative phosphoryla- 
tion of brain homogenate systems by chlor- 
promazine is shown in Tables II and III. Ef- 
fective concentrations are similar to those re- 
ported by Finkelstein, Spencer, and Ridge- 
way(18), but are 10 times as high as those 
reported by Abood who used mitochondrial 
preparations(23). Reserpine at 8.22 x 10° 
M (50 pg/ml) more effectively depressed 
phosphate and oxygen uptake and P:O ratios 
in the presence of increasing amounts of chlor- 
promazine than in the absence of the latter 
drug (Table II). On the other hand, very 


little difference was observed in the percent 
depression of P, O, and P:O values by 2.5 x 
10+ M Na-pentobarbital in the absence and 
presence of increasing amounts of chlorpro- 
mazine (Table III). 

Six rats were given 10 mg/kg of chlorpro- 
mazine-HCl subcutaneously and 6 control 
animals were given water injections. All were 
sacrificed after 1 hour. Animals receiving the 
drug were severely depressed and incontinent 
but were not unconscious. Oxidative phos- 
phorylation by brain homogenates was deter- 
mined in the absence and presence of Na-pen- 
tobarbital in the flasks. Small but significant 
increases in oxygen uptake were obtained with 
homogenates from animals treated with chlor- 
promazine in the absence and presence of 2.5 
x 10+ M pentobarbital in the flasks (Table 
IV). No changes were seen in organic phos- 
phate uptake or P:O ratios. 

Chlorpromazine up to 6.25 x 10* M re- 
sulted in little or no depression of hexokinase 
activity(24) so that the decrease in phos- 
phate uptake was not due to depression of 
the hexokinase trapping system. 


TABLE IV. In Vivo Chlorpromazine on Oxidative Phosphorylation in Rat Brain Homogenates. 
————————— EET 


Inj. chlor- Pentobarbi- 


promazine, tal in flasks, Ae AO E :0 
mg/kg ESCA: pM + 8.E patoms+8.E. Ratio+S.E. 
0 0 28.3 + .4 10.19 + .14 2.78 = .03 
2.5 Waal SS of/ 5.37 = .09 2.44 + 11 
10 0 28.5 + .4 10.74 + .07* 2.69 + .04 
2.5 14.1 + .4 5.78 = .07* 2.44 + .08 


*p <:01 that increases over corresponding values from untreated animals are due to chance. 
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Reserpine up to 50 pg/ml (8.22 x 10° M) 
had no significant effect on rat brain adeno- 
sinetriphosphatase activity, and chlorproma- 
zine at 1.2 x 10* M and 1.5 x 10* M only 
slightly depressed ATPase. 


Discussion. Both chlorpromazine and 
reserpine are capable of depressing oxygen 
and inorganic phosphate uptake by rat brain 
homogenates, but at concentrations much 
higher than ordinary pharmacological or ther- 
apeutic doses. It is highly improbable that 
reserpine depresses phosphorylation im vivo, 
since single effective pharmacological doses 
of 1 mg/kg in animals and daily sedative 
doses of as little as 0.5 mg represent much 
lower concentrations than the 25 mg/l 
needed to depress phosphate and oxygen up- 
take in rat brain. It is interesting to note that 
in effective concentrations, reserpine acts syn- 
ergistically with chlorpromazine in depressing 
phosphate and oxygen uptake and P:O ratios 
in brain homogenates in contrast to similar 
combinations of pentobarbital and chlorpro- 
mazine. Although the concentration of chlor- 
promazine (2.5 x 10+ M or 89 mg/l) needed 
to depress oxidative phosphorylation in rat 
brain was much greater than the physiologic- 
ally depressing dose of 10 mg/kg, small in- 
creases in oxygen uptake by brain homoge- 
nates from treated animals are suggestive that 
the drug may have some effect on oxidative 
processes im vivo. Small increases in rat brain 
oxygen uptake were reported to be insig- 
nificant by Grenell, Mendelson, and McElroy 
(26). However, increases in oxygen uptake 
have been reported by Abood(23) with mito- 
chondria using 2 x 10° M (7.1 mg/l) chlor- 
promazine im vitro. This concentration is 
comparable to the usual pharmacological 
doses. 


From the data presented here and in recent 
reports(18,19,23), it appears that mitochon- 
drial preparations are more sensitive to cer- 
tain depressant drugs than whole homogenates 
or slices. Studies by Johnson and Ackerman 
(25) showing that nuclei potentiate mito- 
chondrial oxidative phosphorylation suggest 
the possibility that nuclei and perhaps other 
cell fractions may protect mitochondria from 
the actions of uncoupling drugs. Suitable 
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studies of this subject are now being under- 
taken. 

Summary. Oxidative phosphorylation by 
rat brain homogenates was depressed by 
chlorpromazine at 2.5 x 10* M or greater, 
while reserpine at 25 and 50 pg/ml only 
slightly depressed oxygen uptake and phos- 
phorylation. Effective concentrations of 
reserpine appeared to depress phosphoryla- 
tion synergistically with chlorpromazine.. 
Oxygen uptake was slightly increased with 
brain homogenates from animals treated with 
10 mg/kg or chlorpromazine. Reserpine up 
to 50 mg/] had no effect on enzymatic ATP 
breakdown, while chlorpromazine, at 1.2 x 
10+ M and 1.5 x 10+ M depressed rat brain 
adenosinetriphosphatase slightly. 
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Transmethylation Reactions in vivo and in vitro in the Young Calf.* (22305) 


JoHn H. Hoppert anp B. CoNNoR JOHNSON. 


Diviston of Animal Nutrition, University of Illinois, Urbana. 


Johnson e¢ al.(1) have shown that the 
young calf on a “normal” methionine intake 
requires a dietary source of choline and the 
present investigation was undertaken to de- 
termine whether this was replaceable by 
methionine. Earlier work has shown that rat 
liver slices and homogenates methylate homo- 
cysteine to form methionine with either cho- 
line or betaine as methyl donor. In studies by 
Borsook and Dubnoff(2), guanidoacetic acid 
was shown to be methylated by methionine in 
guinea pig liver homogenates. Bernheim and 


* The authors are grateful to Dr. J. O. Alberts and 
Dr. D. A. Willegan, College of Veterinary Medicine, 
for autopsy of animals, and to Dr. K. E. Gardner, 
Department of Dairy Science, for securing the calves. 

This investigation was supported in part by funds 
donated by Merck and Co., Rahway, N. J., and Ar- 
mour and Co., Chicago, Ill. Thiamine hydrochloride, 
riboflavin, pyridoxine hydrochloride, calcium pan- 
tothenate, nicotinic acid, choline and vit. B,. were 
generously supplied by Merck and Co. through 
courtesy of Dr. L. Michaud. Folic acid was generous- 
ly supplied by Lederle Laboratories Division, Ameri- 
can Cyanamid Co., Pearl River, N. Y., through courte- 
sy of Dr. T. H. Jukes. Lard emulsion in feeding the 
animals was generously supplied by Armour and Co., 
Chicago, Ill. through the courtesy of Mr. B. M. 
Shinn. 

+t This paper is taken from a thesis submitted by 
the senior author to the graduate college, University 
of Illinois in partial fulfillment of requirements for 
the Degree of Doctor of Philosophy in Animal Nu- 
trition. Present address: Department of Animal 
Husbandry, University of Nebraska, Lincoln. 


Bernheim(3) demonstrated that rat liver 
homogenates could oxidize acetylcholine, but 
found guinea pig liver to be inactive in this 
oxidation. Kensler and Langemann(4) re- 
ported that human and rabbit liver resembled 
guinea pig liver in this respect. We have now 
studied these enzyme systems in the calf. 

Methods. Methionine-choline  interrela- 
tionship. Male calves of various dairy breeds, 
24 hours old, were fed a synthetic milk diet 
previously described by Hopper and Johnson 
(5) except that alpha protein was used as the 
protein source in the diet. Various levels of 
DL-methionine were added to the diet at time 
of feeding to give the total dietary methionine 
values indicated in Table I. The vitamin pre- 
mix contained all the vitamins, except choline, 
which was a variable in the experiment. When 
choline was administered, it was a constituent 
of the vitamin premix. All animals were fed 
ad lib. twice daily from nipple pails. At the 
end of the trials, all animals were sacrificed 
and liver samples obtained for ether extract 
determinations. Post mortem examinations 
of all animals were conducted for the detec- 
tion of histological lesions. 

In vitro studies using calf liver homoge- 
nates. Liver samples were obtained from 
calves which had been fed the complete syn- 
thetic milk diet and compared with liver sam- 
ples from 175-200 g, male rats fed commercial 
laboratory pellets. These samples were 
handled and the study of the methylation of 
homocysteine by betaine was conducted by 
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TABLE I. Effect on Various Levels of Dietary 
Methionine on Growth and Liver Ether Extract of 
Animals on Choline-Deficient Diets, in 15 Calves. 


% ether 

Total extract 

dietary Dietary in liver 

Days methio- choline, Daily (dry mat- 
ontrial nine,%* % gain, lb _ ter basis) 

35 4 0 .26 9.75 
35 ‘ 0 19 3.65 
43 i 0 .30 6.42 
41 K 0 4 4.17 
38 8 0 .66 38.96 
35 ss 0 .86 23.32 
44 1.2 0 91 13.65 
43 3 0 5) 13.41 
33 : 0 1.00 9.52 
393 yy 0 1.40 18.00 
4] 1G 0 4 37.68 
41 _ 0 27 26.57 
41 8 2 90 14.04 
41 i a 54 4.90 
33 1.20 9.56 


* The basal ration contained 0.3% methionine, 
and DL-methionine was added to give these total 
values. 


procedures outlined by Williams e¢ al.(6) and 
by Mistry et al.(7). The methylation of 
guanidoacetic acid by methionine was 
studied according to the method of Borsook 
and Dubnoff as used by Mistry e¢ al.(7). 
Choline oxidase activity was determined by 
the method of Richert and Westerfeld(8). 
Results. In vivo studies. As noted in 
Table I, good growth was observed in the 
calves receiving the choline-deficient diets 
containing 0.8 or 1.2% DL-methionine. How- 
ever, the livers of the calves receiving only 
0.8% DL-methionine contained a consider- 
ably greater amount of ether extract. This 
indicates a deficiency of labile methyl groups 
at this level of methionine in the absence of 
choline. Treadwell(9) has reported that the 
young rat has a definite need for choline 
when the diet contains 0.8% methionine. 
Neumann e¢ al.(10) found the young pig re- 
quired 0.1% choline when fed a “synthetic 
milk” ration containing 0.8% methionine. 
The calves receiving a total of 0.4% methi- 
onine in the diet! and no choline exhibited 
very small daily gains. This result was due 
to a methionine deficiency as well as a de- 
ficiency of labile methyl groups and the ex- 


+ This diet also contained approximately 0.15% 
cystine, supplied in the alpha protein. 


TRANSMETHYLATION IN THE CALF 


tremely poor growth presumably accounts for 
the failure to find choline-deficiency fatty liv- 
ers. Diets supplying a total of 1.6% methi- 
onine supported very poor growth and liver 
samples from these animals during the feed- 
ing trial indicated that the 1.6% level of 
methionine was apparently “toxic,” as the 
animals scoured severely throughout the trial. 
Liver ether extract data for the animals re- 
ceiving 1.2% methionine, are similar to those 
from the normal animals receiving 0.8% me- 
thionine and 0.2% choline, as seen in Table I. 
Histological study of liver revealed fatty in- 
filtration and some kidney damage in the 
methyl-deficient animals, confirming the liver 
fat data. The results indicate that the young 
calf can, by transmethylation, synthesize its 
required choline from methionine as has been 
shown for the rat, for the pig, and for man. 

In vitro studies. The results of methionine 
formation by calf liver homogenates are 
shown in Table II. Although there was some 
transmethylase activity in calf liver homoge- 
nates, the activity was much less than that of 
rat liver homogenates even though both spe- 
cies were on diets which were satisfactory for 
growth. 


The results of creatine formation by calf 
liver homogenates are presented in Table II. 
Under the same experimental conditions, over 
4 times as much creatine was formed by rat 
liver homogenates as by calf liver homoge- 


TABLE II. Results of Enzyme Studies in Calf 
and Rat Liver Homogenates. 


No. of 
animals 


Results 


Avg methionine 

formed/100 mg 
Methionine synthesis from dry matter of 

homoeysteine + betaine liver tissue/hr, wg 

Calf 2 59 

Rat 3 88 


Avg creatine 


Creatine synthesis from formed/100 mg 


guanidoacetie acid +- dry matter of 
methionine liver tissue/hr, wg 
Calf 2 6.9 
Rat 2 29.6 
Choline oxidase activity ul/O,/10 min./flask 
Calf 2 4.78 
Rat 2 56.6 


sag 8 so 


2 gp en mm 
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nates. However, both species were able to 
methylate guanidoacetic acid to form cre- 
atine. The low values found in this study for 
calf liver are of the same magnitude as those 
reported by Cohen(11) for beef liver. Cohen 
(12) found that addition of folic acid and 
glutamic acid did not bring the levels into 
line with those for the rat. 

The choline oxidase activity of calf liver 
homogenates as compared to rat liver homo- 
genates is shown in Table II. These results 
indicate that calf liver possesses a much lower 
choline oxidase activity than rat liver. The 
low activity of the enzyme would indicate a 
slow choline turnover similar to that found 
by Handler(13) for the guinea pig. 

Summary. 1. Using a synthetic milk diet, 
calves receiving 1.2% DL-methionine exhib- 
ited no demonstrable choline requirement, as 
measured by growth and liver ether extract. 
On a diet supplying 0.8% methionine, fatty 
livers developed in the absence of choline. 
2. A study was made of the ability of calf 
liver homogenates to methylate homocysteine 
to form methionine, when betaine served as 
methyl donor; to methylate guanidoacetic 
acid, when methionine served as the methyl 
donor, and to oxidize choline. It was found 
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that while calf liver homogenates would carry 
out all of these reactions, the activity of the 
calf liver enzymes was very much, less than 
that of rat liver homogenates. 
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Pernicious Anemia. I. Remission by Small Oral Doses of Purified 


Vitamin Byp».* 


(22306) 


SoLtomon EStTREN AND Louis R. WASSERMAN. 
(With the technical assistance of Mrs. Evelyn Balbinder.) 
Departments of Hematology and Medicine, Mount Sinai Hospital, N. Y. C. 


During studies on pernicious anemia, it was 
found, contrary to previous experience, that 
partial remission occurred in a patient with 
pernicious anemia in relapse who received 
minimal doses of purified vit. Bi2 by mouth. 
Pernicious anemia is generally considered to 
be the result of a heredofamilial atrophy of 
gastric and duodenal mucosa, with absence of 
“intrinsic factor,’ a material necessary for 


* Aided by grants from the Squibb Institute for 
Medical Research and the A. A. List, Anna Ruth 
Lowenberg, and Frederick Machlin Research Funds. 


absorption of vit. Bi. from the gastrointes- 
tinal tract into the blood stream. Megalo- 
blastic erythropoiesis of pernicious anemia in 
relapse can be restored to normal by overcom- 
ing the deficiency in intrinsic factor by (1) 
parenteral administration of vit. By., thus cir- 
cumventing the abnormal gastrointestinal 
tract; (2) oral administration of massive 
doses of vit. By. (1000 to 9000 pg/wk), 
through a sort of “mass action” effect; or (3) 
oral administration of vit. By. together with 
some outside source of intrinsic factor. How- 
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Case la. Pernicious anemia. Submaximal response following oral administration of 
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ever, remissions of pernicious anemia follow- 
ing oral administration of small amounts of 
vit. By. without intrinsic factor (10 to 250 
pug/day) have been reported(1-7). Subopti- 
mal responses have been seen with oral doses 
of 10 wg(1,2), 15 wg(3), 30 wg(2), and 50 to’ 
250 wg per day(1,4-6); but only rarely have 
maximal responses to oral vit. Byy in doses of 
25 to 150 wg/day been noted(1,4,6). In the 
absence of an outside source of intrinsic fac- 
tor, remission following oral vit. Biz occurred 
regularly only when massive doses of the ma- 
terial (3000 pg in a single dose) were given 
(8). 

As a result of our experience with one pa- 
tient (Fig. 1), in whom pronounced reticulo- 
cytosis and remission followed oral adminis- 
tration of 5 »g/day of purified vit. By. with- 
out added intrinsic factor, similar small doses 
of vit. By. (5.0 to 16.8 pg/day) were given 
by the same route to 9 additional patients 
with pernicious anemia in relapse, and to 1 
patient with megaloblastic anemia of obscure 
etiology. It is our purpose to report the al- 
most regular occurrence of varying degrees 
of remission under these circumstances. 


Methods. Diagnosis of pernicious anemia 
was established by the presence of macrocytic 
anemia, histamine-fast achlorhydria, megalo- 
blastic bone marrow, normal gastrointestinal 
x-ray studies, and absence of steatorrhea. 
The dose of 5.0 to 16.8 yg of vit. Bia was ad- 
ministered by mouth, one to 3 times daily, in 
tablets or capsules, with no particular rela- 
tion to meals(6). The vit. Biz was obtained 
from 2 independent sources,t, and was as- 
sayed for and found to be free of folic and 
folinic acids. No intrinsic factor was given 
in association with oral vit. By, and the diet, 
which was free of liver and red meats, was un- 
changed before and during treatment. 

Results. A definite reticulocytosis and 
hematologic remission of varying degree, with 
reversion of bone marrow to normoblastic 
erythropoiesis, occurred in 11 trials in 8 cases 
of pernicious anemia and in one case of non- 
pernicious megaloblastic anemia (Table I). 


t We are indebted to Dr. Douglas B. Remsen, 
Squibb Institute for Medical Research, New Bruns- 
wick, N. J., and to Dr. Nathaniel S. Ritter, Merck 
& Co., Rahway, N. J., for generous supplies of these 
materials. 
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TABLE I. Remissions in Pernicious Anemia (Cases 1-8) and Non-Pernicious Megaloblastic 


Anemia (Case 9) on Small Oral Doses of Vit. By». 
6aNjao_waowowyoyoqwoaw—"$«s=>=~=“—oGeoae eee 


-—Initial count—, 


-—Max hemogram—, 


B,,/day, Hgb, Max reties, Hgb, 
Case pg g/100 ml Het, % Jo/ day g/100ml Het, % 
la 5 5.2 13 22.6/ 8 (aes oT 
b 10 9.0 27 6.2/ 9 12.6 42 
2a 16.8 5.6 18 9.8/7 3 OED 37 
b 15 8.0 26 9.2/ 8 10.7 36 
3 16.8 alt 27 Qa, & 13.3 41 
4 15 8.2 26 8.8/20 14 42 
da 15 8.5 28 Day) 14.4 +3 
b 15 9.0 28 8.8/13 14.9 47 
6 15 7.6 22 18.0/ 8 ilalee OM 
7 15 5.4 18 21.07 9 10.2 3 
8 10 9.3 39 7.4/12 14.1 +65 
9 10 5.4 17 21.6/15 12.9 46 
Mean* Goll 23.9 10.7/10 12.6 40.2 
Range” 5.2-9.3 13-28 6.2-22.6/3-20 10.2-14.9 34-47 


* Of cases 1-8 only. 


Remission was estimated to have been maxi- 
mal in 3 cases of pernicious anemia and in the 
one case of non-pernicious megaloblastic 
anemia, and submaximal in 5 cases of perni- 
cious anemia. Typical responses to oral doses 
of vit. By are depicted in Fig. 1-3, and the 9 
responsive cases are summarized in Table I. 
Maximal reticulocytosis usually occurred on 
8th or 9th day after initiation of therapy, 
with a cumulative oral dose of from 35 to 150 
pg of vit. By2. Unless parenteral By. was 
subsequently administered, remission after 


———|5 46 By PO. DAILY ——> 


ORMOBLASTIC 
MARROW 


cessation of therapy usually tended to be 
short-lived (4 to 6 months), although remis- 
sions persisted longer in some patients. 
During these observations, 3 patients with 
pernicious anemia similarly treated failed to 
show hematologic response (Table II). Case 
4 initially showed no hemoglobin response, 
despite a reticulocytosis, on a dose of 5.6 yg/ 
day, but responded maximally on a dose of 15 
ug/day (Table I). Six months later, when 
again in relapse, this patient failed to show 
any signs of remission on oral vit By. during 
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successive trials on 5, 10 and 15 pg/day, but 
at this time he had developed carcinoma of 
the stomach. Case 7, who showed a re- 
mission on the initial oral medication of 15 
ug daily (Table I), failed to respond to a 
s:milar oral dose following another relapse 9 
months later (Table II), whereas parenteral 
vit. By. was effective. No response to 5 pg 
of vit. By. was noted in one case of pernicious 
anemia in relapse (Case 10, Table II), but a 
larger dose and longer period of observation 
were not attempted in this patient. 
Discussion. If intrinsic factor is indeed 
necessary for absorption of vit. By», it ap- 
pears that some intrinsic factor must have 
been present in gastric and duodenal mucosa 


of our patients with pernicious anemia in re- 
lapse. Similar conclusions regarding the 
quantitative rather than qualitative change in 
gastric secretion in some cases of pernicious 
anemia were reached by others(9,10), who 
suggested that the red cell level in pernicious 
anemia is determined by actual amount of in- 
trinsic factor secreted in the gastric juice. 
Since crystalline vit. By. was used in these 
studies, it is recognized that absorption may 
have been facilitated by the purified nature 
of the material, just as ferrous sulfate is ab- 
sorbed more easily than food iron. This, 
however, is not a satisfactory explanation in 
itself, since regular remission with oral use of 
purified vit. By: has not been reported(1-7). 


TABLE IT. Cases of Pernicious Anemia Which Failed to Respond to Oral Vit. By». 


-—Initial count—, 


B,,/day,  Hgb, 
Case ue g/100 ml Het, % 
4% 5.6 5.3 16.5 
5 8.4 27 
10 6.9 27 
15 7.0 23 
Ce 15 6.6 20.5 
10 5) 8.2 25 
Mean eal 23.2 
Range 5. 16.5--27 


-—Max hemogram—, 


Max retics, Hgb, 
%o/ day g/100 ml Het, % 
6.6/ 8 64a Soin 
4.8/18 8.4 27 
5.0/ 4 UP 24 
5.4/26 7.0 2 
2.6/16 6.6 20.5 
21/ 8 7.4 25 
4.4/13 tee 23.3 
6.4-8.4 


2.1-6.6/4-26 


20-27 


* Same numbers as in Table I, 


PiLasMa 17-OHCS wit A!-HyprocortTIsoNE 


Although the fasting state may facilitate ab- 
sorption of vit. Bj2(6) from the gastrointes- 
tinal tract, absorption occurred independent 
of the fasting state in our patients. 

The action of oral preparations containing 
both intrinsic factor and vit. By. cannot a 
priort be attributed to their intrinsic factor 
content, since as has been shown above, re- 
mission may follow the use of the vit. B,. 
alone. 

Studies on vit. B;. metabolism in this 
group of patients are still in progress. Pre- 
liminary results in some of these patients sug- 
gest that remission occurs without a rise of 
the serum vit. B,» level above relapse levels 
(less than 20 pyg/ml). 

Summary. 1. Hematologic and clinical 
remissions were induced 11 times in 8 pa- 
tients with pernicious anemia in relapse, and 
in 1 patient with non-pernicious megaloblastic 
anemia, by small oral doses of purified vit. 
Bis without added intrinsic factor. The ef- 
fective dosage range was 5 to 16.8 wg per day. 
2. Unequivocal failure occurred in 1 case of 
relapsed pernicious anemia. 3. These results 
further confirm the suggestion that in perni- 
cious anemia there is a quantitative rather 


503 


than a qualitative change in gastric secretion, 
and that variations in the amounts of intrinsic 
factor remaining in pernicious anemia pa- 
tients may be responsible for varying re- 
sponses to oral vit. By2. 4. A trial period of 
vit. By. alone should precede any study with 
a vit. By. plus intrinsic factor preparation. 


1. Hall, B. E., Brit. Med. J., 1950, v2, 585. 

2. Glass, G. B. J., Boyd, L. J., Rubinstein, M. A., 
and Svigals, L. S., Science, 1952, v115, 101. 

36> Glass, G. Bae andeboyd.-l. ji Blood m1953; 
v8, 867. 

4. Meyer, L. M., Sawitsky, A., Cohen, B. S., Krim, 
M., and Fadem, R., Am. J. Med. Sc., 1950, v220, 604. 

5. Ungley, C. C., Brit. Med. J., 1950, v2, 905. 

6. Chalmers, J. N. M., and Hall, Z. M., ibid., 1954, 
v2, 1179. 

7. Spies, T. D., Stone, R. E., Lopez, G. G., Milanes, 
F., Toca, R. L., and Aramburu, T., Lancet, 1954, 
v257, 454. 

8. Conley, C. L., Krevens, J. R., Chow, B. F., 
Barrows, C., and Lang, C. A., J. Lab. Clin. Med., 
1952, v38, 84. 

9. Goldhamer, S. M., Am. J. Med. Sc., 1936, v191, 
405. 

10. Campbell, D. C., Hall, B. E., and Morgan, 
E. H., J. Lab. Clin. Med., 1949, v34, 1590. 


Received November 30, 1955. P.S.E.B.M., 1956, v91. 


Al-Hydrocortisone: Plasma 17-Hydroxycorticosteroid Concentrations 


Following Oral and I. V. Administration.* 


(22307) 


Ropert S. Ery, ALAN K. Done,t AND VINCENT C. KEttey.} 


Department of Pediatrics, University of Utah College of Medicine, Salt Lake City, Utah. 


During the past year the A!-steroids have 
been employed clinically to a considerable ex- 
tent. These compounds are synthetic deriva- 
tives of hydrocortisone and cortisone, differ- 
ing from the parent steroids by the insertion 
of a double bond in the 1-2 position of the 
steroid nucleus. <A‘-hydrocortisone (A1*4- 


* Supported in part by a grant-in-aid from Upjohn 
Co., Kalamazoo, Mich. 

+ This work done during tenure of American Heart 
Assn. Research Fellowship. 

t The authors are indebted for technical assistance 
to Doris F..Tippit, Mary C. O’Brien and Tiona L. 
Hughes. 


pregnadiene-118, 17a, 21-triol-3,20-dione) 
has been produced under various commercial 
names: metacortandralone, prednisolone, del- 
ta-cortef, hydeltra, meticortelone, and sterane. 

Clinically, the A‘-steroids appear to be 
3 to 5 times as effective as the parent com- 
pounds(1-3). A similar ratio has been found 
for glucocorticoid activity (liver glycogen de- 
position, eosinophil response) (3,4). How- 
ever, results of in vitro studies of anti-inflam- 
matory potency have not been reported. It 
is possible that the apparent advantages of 
the A-steroids over the parent compounds are 
attributable to differences in absorption or 
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metabolism which permit more efficient util- 
ization of the former steroids. This possi- 
bility has been investigated in the present 
study by measuring in human subjects the 
influence of oral or I. V. A?-hydrocortisone 
administration on plasma 17-hydroxycorti- 
costeroid (17-OHCS) concentrations. 


Materials and methods. Normal young 
adults were the subjects used in all the fol- 
lowing studies. In the study of oral admin- 
istration each of 9 subjects was given a dose 
of 45 mg At-hydrocortisoneS orally. Plasma 
samples were obtained before and at 1, 2, 4, 
6, and 8 hours after administration of the 
test dose and 17-OHCS concentrations deter- 
mined by the method of Nelson and Sam- 
uels(5,6), using hydrocortisone as the refer- 
ence standard. In another group of 6 sub- 
jects each was given a dose of 40 mg free 
hydrocortisone!! orally and plasma samples 
were obtained for 17-OHCS determinations 
at 0, 2, 4 and 6 hours. In a third group of 
11 subjects each was given 100 mg free hy- 
drocortisone orally, and plasma samples were 
obtained at 0, 1, 2, 4 and 8 hours for 17- 
OHCS determinations. In the study of I. V. 
administration each of 8 subjects was given 
a dose of 0.5 mg/kg A!-hydrocortisone intra- 
venously as a 125 ml infusion over 30 min- 
utes. Plasma samples for 17-OHCS concen- 
tration were obtained 1, 2, 3, and 4 hours 
after administration. From these data a re- 
gression line of best fit was determined by 
the method of least squares and the 17-OHCS 
half-life value calculated from the slope of the 
line. 

Results. To determine whether the A?- 
steroid was measured quantitatively by the 
Nelson and Samuels technic a comparison of 
the color development with the phenylhydra- 
zine-sulfuric acid reagent was made using 
standard hydrocortisone and A?-hydrocorti- 
sone. The resulting absorption curves for the 
two steroids were similar over a wave length 
range of 340-480 my, differing in that the 
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FIG. 1. A'-hydrocortisone vs hydrocortisone: Ab- 
sorption curves using phenylhydrazine-sulfuri¢ acid 
reagent. 


curve for hydrocortisone had a greater den- 
sity throughout (Fig. 1). After a correction 
factor for background influence was applied 
the density values at 410 my were essentially 
superimposed. The density values at 410 
my. for different amounts of steroid (Fig. 2) 
were shown to be the same for A'-hydrocor- 
tisone as for hydrocortisone. Also, recovery 
following chromatography was almost the 
same, averaging 70% for A‘-hydrocortisone 
and 76% for hydrocortisone. 

In Fig. 3 is shown a comparison of mean 
plasma 17-OHCS values at various time in- 
tervals following the oral administration of 
A'-hydrocortisone and of free hydrocortisone. 
Following 45 mg A'-hydrocortisone the peak 
17-OHCS concentrations were greater than 
those following 40 mg free hydrocortisone, 
but less than those following 100 mg free 
hydrocortisone. In those subjects given 40 
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FIG. 2. A*hydrocortisone vs hydrocortisone: 

phenylhydrazine-sulfuric acid color development 

(410. mu) directly and after column chromatog- 
raphy, 
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Plasma 17-OHCS concentrations following oral ad- 
ministration. 

mg free hydrocortisone orally the plasma 17- 
OHCS concentrations were at or below con- 
trol levels by 6 hours. A similar decline is 
seen in the curve representing the plasma 17- 
OHCS concentrations following the adminis- 
tration of 100 mg hydrocortisone orally, a 
return to normal values occurring by 8 hours. 
In contrast, the At-hydrocortisone curve falls 
more slowly; at 8 hours the mean 17-OHCS 
concentration is still well above the control 
value—and is significantly higher than the 
corresponding value following 100 mg hydro- 
cortisone (p <.01). 

The influence of intravenous administra- 
tion of At!-hydrocortisone on plasma 17- 
OHCS concentrations is indicated by the 
half-life data in Table I. The mean half-life 
obtained in 8 subjects was 192 minutes. In 
contrast to this, data reported from this lab- 
oratory(7) and elsewhere(8,9) for the mean 
half-life of hydrocortisone indicate that this 
is significantly less, ranging from 90 to 115 
minutes. Thus, intravenous administration 
of At-hydrocortisone produces a more pro- 
longed elevation of plasma 17-OHCS than 
does the intravenous administration of hy- 
drocortisone. 

Discussion. It has been shown that orally 
administered A!-hydrocortisone, in doses 
roughly equivalent to those of free hydrocor- 
tisone, caused plasma 17-OHCS elevations 
both of greater magnitude and longer dura- 
tion than did the latter steroid. When the 
dose of hydrocortisone was increased 2% 
times the magnitude of 17-OHCS elevations 
became greater than that following A'-hydro- 
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cortisone. However, even following the ad- 
ministration of this larger dose, these eleva- 
tions disappeared more rapidly than those 
following the A!-steroid. In addition, the 17- 
OHCS half-life in subjects receiving At-hy- 
drocortisone intravenously was more _ pro- 
longed than in those receiving hydrocortisone. 
These observations indicate that no appre- 
ciable differences in absorption exist but that 
the metabolism of At-hydrocortisone proceeds 
at a rate slower than that of hydrocortisone. 


Results of in vitro experiments(10,11) are 
in accord with this interpretation. The bio- 
logically active adrenal corticosteroids con- 
tain the A*-3-ketone structure in ring A, and 
in their metabolism this ring is reduced at 
carbons 4, 5, and then 3. The At-steroid 
must first undergo saturation of the 1-2 dou- 
ble bond to form the A* compound. Only 
following this is the A*t-3-ketone reduced to 
form the tetrahydro steroid and subsequently 
conjugated, 


These data from both im vivo and in vitro 
experiments lend support to the possibility 
that differences in the rate of metabolism may 
account for the equivalent clinical effective- 
ness of smaller doses of the delta forms than 
of hydrocortisone or cortisone. To date, A'- 
hydrocortisone represents the only steroid 


TABLE I. 


Plasma 17-OHCS Half-Life Values following In- 
travenous /A\1-Hydrocortisone. 


Half-life 
(min.) 


Normal 
patients 
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Plasma 17-OHCS Half-Life following Intravenous 
Hydrocortisone. 


Author No. Mean half-life 
reference normals (min. ) 
~ Done(7) 9 90 + 7.4 
Brown(8) 1 1d ee 5.3" 
Peterson(9) 18 115 


ae Calculated from author’s individual 17-OHCS 
data. 
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which has been reported to have a half-life 
longer than that of hydrocortisone. Others 
studied include tetrahydro-hydrocortisone, 20- 
hydroxy-hydrocortisone, cortisone, and cor- 
ticosterone(8,9); each of these has a half- 
life shorter than that of hydrocortisone. Of 
the steroids mentioned only cortisone, hydro- 
cortisone, and A!-hydrocortisone have a A‘- 
17, 21-dihydroxy-3,20-keto configuration and 
are potent glucocorticoids. Among these 3, 
the glucocorticoid potency and the half-life 
are related in such a way as to suggest that 
glucocorticoid potency is inversely propor- 
tional to the rate of metabolism. 

Summary. The influence of oral or intra- 
venous administration of A!-hydrocortisone on 
plasma 17-OHCS concentrations was studied. 
With comparable oral doses A‘-hydrocorti- 
sone produced 17-OHCS elevations of greater 
magnitude and longer duration than did hy- 
drocortisone. Also, the half-life of the A?- 
steroid was longer than that of hydrocorti- 
sone. It was concluded that a slower metabo- 
lism of the At form occurs and postulated 
that this might contribute to the greater clin- 
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ical effectiveness of this steroid. 
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A Non-hypophyseal Sex Difference in Estrous Behaviour of Mice Bearing 


Pituitary Grafts.* 
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Differences in size of the pituitary gland re- 
lated to sex have been described in some spe- 
cies, the female gland being larger and heavier 
than that of the male. Similarly, the gonado- 
trophic potency of injected hypophyseal ex- 
tracts from males is greater than those pre- 
pared from female pituitaries(1,2). Castrated 
male guinea pigs with grafted ovaries showed 
a greater stimulation of the mammary glands 
and other sexual structures, than intact fe- 
males(6). The same was true in castrated 
male mice bearing ovarian and vaginal grafts. 


* Aided by grants from Minn. Division of Amer. 
Cancer Society and institutional grant from American 
Cancer Society. 


There was a continuous non-cyclic stimula- 
tion of the vaginal tissue(5). However, 
Harris and Jacobson(3,4) have demonstrated 
that hypophysectomized female rats bearing 
male hypophyseal grafts from newborn don- 
ors, had normal estrous cycles, became preg- 
nant and delivered their young at term. This 
would indicate that the characteristic cyclic 
gonadal function of the female, as compared 
to the non-cyclic of the male, would not be 
related to the sex of the pituitary, but rather 
to a sex difference in some other structure. 
Since functional pituitary grafts can be placed 
in hypophysectomized mice by means of a 
rather simple one-stage operation, we have 
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used this animal preparation to investigate 
further the problem of estrous behaviour in 
hypophysectomized females and males bear- 
ing either male or female hypophyseal grafts, 
respectively. 

Material and methods. Young mice of both 
sexes of the Z (C3H) stock and AZF, hybrids 
(A 2? x Z 3) were used. Hypophysectomy 
was performed according to the technic de- 
scribed by Thomas(7). The grafting of hy- 
pophyseal tissue was done as follows: The 
donor was killed by ether, the scalp and brain 
were lifted and the gland was removed and 
placed in a container with saline. Upon com- 
pletion of hypophysectomy, the gland to be 
grafted was transferred to the emptied sella 
turcica of the host either with a fine pair of 
forceps or by holding the gland at the distal 
end of a very thin glass pipette by applying a 
slight negative pressure. The entire pro- 
cedure was completed within 4 to 5 minutes 
and postoperative mortality did not exceed 
10%. By this procedure, the overall in- 
cidence of successful hypophyseal grafts was 
85% of a total of 325 operated animals for 
other studies. Mice bearing hypophyseal suc- 
cessful grafts have shown normal sexual ac- 
tivity throughout their lives (12 to 16 
months). Two types of experiments were 
done. In one, the body weight changes were 
determined and the sexual cycles studied in 
4 groups of female mice of the Z(C3H) strain, 
as follows: a) hypophysectomized; b) sham 
operated controls; c) hypophysectomized 
bearing a hypophyseal graft taken from a 
female donor of the same strain and age; d) 
hypophysectomized bearing a hypophyseal 
graft from a male donor of the same strain 
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and age. In all groups the body weight was 
determined before and at weekly intervals 
after the operation. Similarly vaginal smears 
by the douche technic were taken daily dur- 
ing 1 week, at monthly intervals to determine 
the presence or absence of estrous cycles in 
the different groups. In another experiment, 
2 groups of male AZF, hybrid mice were 
used. One of them was submitted to hypo- 
physectomy followed by the graft of one hy- 
pophysis taken from a female donor. An- 
other group carried their own (male) hypo- 
physis. Three weeks after the operation, both 
groups of mice were castrated and 2 ovaries 
and a ring of vaginal tissue taken from fe- 
male mice of the same strain and age were 
grafted subcutaneously, using the technic de- 
scribed by Huseby and Bittner(5). Finally, 
after a period of one month following the 
vaginal transplant, mice were killed, the grafts 
removed and _ studied histologically. The 
presence of hyperplasia and hypertrophy of 
the epithelial wall of the vaginal graft, and 
a complete cornification of the content of the 
lumen, without signs of cyclic activity, was 
interpreted as indicative of a continuous es- 
trogenization(5). 

Results. The results obtained in the first 
experiment, in which only animals showing 
successful takes of the grafts were included, 
are listed in Table I and can be summarized 
as follows: a) Sham hypophysectomized con- 
trols showed a progressive increase in body 
weight after the operation and, as was ex- 
pected, normal estrous cycles. b) Hypophy- 
sectomized alone showed a progressive de- 
crease in body weight and absence of estrous 
cycles. c) In both groups of hypophysecto- 


TABLE I. Effect of Sex of Pituitary Gland Grafted into Hypophysectomized Female Mice on 
Body Weight and on Estrous Cycles. 


———— Body wt in g (mean )———_,, Presence 

No. of Before of estrous 

Group mice operation lmoafter 2mo after cycles* 

Sham operated controls 15 16.50+.38 19.254 .39 22.90+.42 Yes 15/15 

Hypophysect. bearing 15 15.91 + 41. 17.624 44 18.94 + .39 7 sys) 
Q pituitaries 

Hypophysect. bearing 22 16.20 + .36 17.90+.34 19.05 + .28 2 Ey ey 
6 pituitaries 

Hypophysectomized 12 16.80 + .45 15.10+ .50 15.00 + .49 No 12/12 


* Normal estrous cycles in animals bearing pituitary grafts appeared at 10 to 15 days fol- 


lowing operation. 
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Histological sections taken from vaginal grafts in castrated male mice with grafted 
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ovaries, bearing either a female (A) or a male (B) hypophysis. 


mized females bearing either a female or male 
hypophyseal gland, progressive increase in 
body weight and normal estrous cycles were 
observed. 


Table II shows the results of the second ex- 
periment. Both groups of castrated males 
with grafted ovaries showed the typical non- 
cycling vaginal reaction characteristic of a 
continuous estrogenization, regardless of the 
sex of the pituitary gland grafted (Fig. 1). 

Discussion. From the results described, it 
seems clear that hypophysectomized female 
mice bearing either female or male pituitaries 
had normal estrous cycles. These results 
agree with those obtained by Harris and 


TABLE II. Effect of Sex of Pituitary Gland on 
Development of Vaginal Grafts in Castrated Males 
with Grafted Ovaries. 


No. of Histology of 
Group Pituitary mice vaginal grafts 
Castrated with é (own) 10 Jornified non- 
grafted ovaries cycle 10/10 
Idem Q 8 Idem 
me None 2 Atrophie or 


reabsorbed 


Jacobson(3,4) in the rat. Furthermore, cas- 
trated male mice with grafted ovaries showed 
a continuous noncyclic vaginal stimulation 
regardless of the sex (female or male) of the 
hypophyseal tissue grafted. 


These results would imply that the normal 
cyclic function of the female pituitary as op- 
posed to the non-cyclic of the male, as it was 
formerly described, would not reside in a sex 
difference of the hypophyseal tissue in itself, 
for in our experiments, the property of cycling 
or non-cycling seemed to be determined by 
the sex of the host, rather than that of the 
pituitary gland they carried. 


In the light of these data it is rather dif- 
ficult to decide as to where and how the sex 
difference in gonadal function of the hypo- 
physis originates. Not being involved, as it 
appears, the sex of the hypophyseal gland, 
and since anatomically this organ jis related 
to the hypothalamus in the brain through 
vascular and nervous connections, it would be 
perhaps justified to assume that the cyclic or 
non-cyclic character of the female or male 
gonadotrophic function might depend upon a 
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sex difference of that nervous structure. 
Summary. Estrous behaviour in hypophy- 
sectomized female and male mice bearing hy- 
pophyseal grafts has been studied. The re- 
sults were: (1) Hypophysectomized female 
mice bearing either female or male hypophy- 
seal grafts, showed complete and normal es- 
trous cycles. (2) Castrated males bearing 
ovarian and vaginal grafts showed a contin- 
uous noncyclic type of vaginal stimulation 
regardless of whether they had been grafted 
with male or female pituitaries. (3) The 
characteristic cyclic function of the female 
hypophysis may be related to the cyclic func- 
tion of some other controlling structure rather 
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than being dependent upon the pituitary 
gland itself. 
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Introduction of acid into the duodenum 
causes a prompt and complete inhibition of 
gastric motility. This phenomenon has been 
named by Thomas, e¢ al., the “enterogastric 
reflex” (1). In a previous study, we reported 
this inhibition in the human subject and 
found that it occurred in patients with vago- 
tomy, extensive sympathectomy, partial gas- 
tric resection, and spinal cord transection(2). 
It is the purpose of the present study to ex- 
plore the threshold of this inhibitory mechan- 
ism and to determine its presence in patients 
with gastric achlorhydria. 

Method. As previously described(2), a 
duodenal tube was passed under fluoroscopic 
control. A second tube with an attached bal- 
loon was passed into the antral portion of the 
stomach, and gastric motility was recorded. 
Studies were performed on 11 normal human 
subjects, varying both the volume and con- 
centration of hydrochloric acid solutions in- 
stilled via the duodenal tube. In most pa- 


* This work has been aided by grant #RG-4195, 
U. S. Public Health Service. 

+t John and Mary R. Markle Scholar in Medical 
Science. ‘ 


tients, 2 or more determinations were made 
during the same study period—a total of 25 
studies. In addition, the same study was 
performed on 3 patients with persistent gas- 
tric achlorhydria as determined by histamine 
stimulation. 

Results. 1. 0.075 N HCl: In 4 patients, 
100 cc of 0.075 N HCl introduced into the 
duodenum caused a prompt inhibition of gas- 
tric motility varying from 26 to 39 minutes. 
Twenty-five cubic centimeters of the same 
solution in one patient caused only a 10 min- 
ute period of inhibition. 2. 0.05 N HCl: 
One hundred cubic centimeters of 0.05 N HCl 
infused into the duodenum of 5 subjects re- 
sulted in cessation of gastric motor activity 
varying from 9 to 26 minutes. In 2 patients, 
25 cc of the same solution instilled into the 
duodenum caused a 5 and a 6 minute inhibi- 
tion, respectively. 3. 0.025 N HCl: One 
hundred cubic centimeters of 0.025 N HCl 
was introduced into the duodenum of 3 sub- 
jects and was immediately followed by in- 
hibition of gastric motility lasting for 9 to 
16 minutes. In 1 patient, 25 cc of this solu- 
tion produced a 10-minute period of inhibi- 
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tion. 4. 0.01 N HCl: One hundred cubic 
centimeters of 0.01 N HCl was instilled into 
the duodenum of 3 patients and resulted in a 
gastric motor inhibition lasting 5 to 8 min- 
utes. In 1 patient, 50 cc of this solution in- 
hibited gastric activity for 5 minutes; in 2 
patients, 25 cc of the same solution inhibited 
gastric contractions for only 3 minutes. 


In the 3 patients with persistent histamine 
achlorhydria, 0.1 N HCl instilled into the 
duodenum resulted in prompt and profound 
inhibition of gastric motility. It was indistin- 
guishable in latent period, degree, and dura- 
tion from that occurring in subjects with nor- 
mal gastric secretion. 


Conclusions. 1) Duration of inhibition of 
gastric motility varies directly with volume 
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and concentration of HCl solutions intro- 
duced into the duodenum. 0.075 N HCl pro- 
duces definitely shorter inhibition than was 
previously found with equal volumes of 0.1 N 
HCl. When concentration of HCl is reduced 
to 0.01 N and volume reduced to 25 cc, the in- 
hibitory period is very brief, lasting only 3 
minutes. 2. In 3 patients with complete his- 
tamine achlorhydria, the inhibitory effect of 
intraduodenal acid on gastric motility was 
the same as that in individuals with normal 
gastric secretion. 


1. Thomas, J. E., Crider, J. O., and Morgan, C. J., 
Am. J. Physiol., 1934, v108, 683. 

2. Schapiro, H., and Woodward, E. R., J. Appl. 
Physiol., 1955, v8, 121. 
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The mechanism of action of cortisone and 
other adrenocortical steroids on_ protein 
metabolism has been the subject of many in- 
vestigations. The theories and observations 
of some investigators(1-3) seem to favor a 
primary anti-anabolic effect while other work- 
ers(4-6) favor a primary catabolic mechan- 
ism. Still other reports(7) support a more 
complex interpretation. 

Previous work(8) indicated that rats main- 
tained on a completely protein-free diet of- 
fered a unique situation in which to study the 
effects of cortisone. The present communica- 
tion is a preliminary report of results obtained 
from a study of the incorporation in vitro of 
glycine-2-C™* into protein fractions of liver 
slices and intact isolated diaphragms from 


* This work supported by funds from Jackson 
Johnson Student Research Fund of Washington Uni- 
versity School of Medicine; Williams-Waterman 
Fund for Combat of Dietary Disease; and National 
Science Foundation. 


protein depleted rats treated with cortisone. 
The liver and diaphragm were studied in the 
hope that they might show differences in 
their ability to incorporate labeled amino 
acids and that these changes would reflect the 
influence of cortisone on protein synthesis or 
breakdown. 


Material and methods. Young male rats 
were maintained on 3 experimental regimens 
(8). These regimens included: 1) normal 
synthetic diet; 2) protein-free synthetic diet; 
3) protein-free synthetic diet plus daily sub- 
cutaneous injections of 2.5 mg of cortisone/ 
100 g body weight. All groups were main- 
tained on the experimental regimens for 12 
to 17 days. Following the period of treat- 
ment the rats were lightly anesthetized with 
ether and sacrificed by exsanguination from 
the heart. The livers and diaphragms were 
removed, weighed, and placed immediately in 
chilled Krebs-Hensleit media equilibrated 
with 95% oxygen and 5% CO». The incu- 


ry 
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TABLE I. In Vitro Incorporation of Glycine-2-C“ into Protein Fractions of Rat Liver Slices 
and Intact Isolated Diaphragms. (Values are expressed as the mean of the individual values + 
the standard error of the mean.) 


—————————————————————————— 
Incorporation of glycine-2-C™ into Incorporation of glycine-2-C“ into 
LIVER protein fractions DIAPHRAGM protein fractions 
Without added With added Without added With added 
non-labeled non-labeled non-labeled non-labeled 
amino acids amino acids* amino acids amino acids* 


Treatment (cpm/mg protein) (cpm/mg protein) (epm/mg protein) (epm/mg protein) 
Normal controls 260 + 37.2 (4)t No observations 38+: 5.7 “(@) 36 — (1) . 
Protein-treediet 128: 9.0 (7) 201 =F 11.7 (5) 41+5.6 (7) 60+10.7 (5) 

controls > 
Protein-freediet 164+ 7.0 (7) 1a) ce i) (@) GiisSawe (C7) 824 6.6 (5) 


+ cortisone 


* Final concentration of L-isomer, 10 pg/ml. 
t The No. of animals in which duplicate observations were made are shown in parentheses. 
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bation and isolation of the protein fraction 
was essentially as described by Krahl(9) ex- 
cept for minor technical changes. Approxi- 
mately 400 mg of liver slices or one hemi- 
diaphragm was placed in screw-cap incuba- 
tion bottles. These bottles contained Krebs- 
Hensleit media (liver, 2 ml; diaphragm, 1 
ml) and glycine-2-C™, 11.6 pg/ml (specific 
activity, 1.25 mc/mM). A mixture of non- 
labeled amino acids was also added to some 
of the flasks in addition to glycine-2-C™. 
This mixture contained l-cysteine, dl-lysine, 
l-histidine, dl-leucine, dl-threonine, dl-phenyl- 
alanine, dl-valine, l-arginine, dl-methionine, dl- 
isoleucine, and dl-tryptophane and was ad- 
justed to pH 7.0 with NaHCOs;. The tissues 
were incubated with shaking for 2 hours at 
37°C. Radioactivity in protein fractions was 
determined in an internal gas flow counter. 
All samples were counted at maximum self- 
absorption. Protein content was determined 
by the method of Lowry ef al.(10). 

Results. In confirmation of our earlier 
findings(8) the animals on the normal syn- 
thetic diet gained weight, those on the pro- 
tein-free diet lost about 20% of their initial 
body weight, and those on the protein-free 
diet plus cortisone lost 40% of their starting 
weight (P<0.001). Liver weight/body 
weight ratios were significantly increased 
(P<0.001) in the animals receiving the pro- 
tein-free diet plus cortisone. The protein- 
free diet caused a 30% decrease in the mean 
diaphragm weight when compared to normal 
values (P<0.001). The increase in liver 
weight in the cortisone treated animals was 


due in part to an increased protein content. 
Whereas cortisone treatment caused no change 
in the diaphragm weight/body weight ratio 
the liver weight/body weight ratio increased. 
Thus while the diaphragm suffered with other 
tissues from the wasting effects of cortisone, 
the liver was spared. 

Liver slices from animals on a protein-free 
diet showed a decreased utilization of glycine- 
2-C'4 compared with that of liver from nor- 
mal controls (P =—0.01) (Table I). Krahl 
(9) observed a similar effect in fasted rats. 
It was possible to increase utilization of gly- 
cine-2-C!* by the addition of a mixture of es- 
sential non-labeled amino acids (P<0.001). 
Liver slices from animals on a protein-free 
diet plus cortisone showed an increased util- 
ization of glycine-2-C'* compared with that 
of liver from protein-free dieted animals (P = 
0.01); in this case the addition of other 
amino acids had no stimulatory effect. 

In the diaphragms, the diet had no effect 
on the utilization of glycine-2-C1* (Table I). 
Treatment with cortisone caused an increased 
utilization of glycine-2-C™ by the diaphragms 
(P = 0.01). Addition of non-labeled amino 
acids to the diaphragms from the cortisone 
treated animals caused a still further. increased 
utilization of glycine-2-C1* (P<0.02). 

Summary and conclusion. In these experi- 
ments cortisone had no antisynthetic effect; 
its effect on protein synthetic reactions was 
to increase synthesis in the diaphragm. Since 
liver is spared and diaphragm is not spared 
against the wasting effects of cortisone, the 
chief effect of cortisone according to our ob- 


SY 


servations must be its influence on catabolic 
reactions. Thus the organ-specific effects of 
cortisone can be explained on the basis of in- 
creased catabolism in diaphragm but not in 
liver. 
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The administration of reserpine has been 
found to be associated with a decrease in the 
concentration of serotonin in brain, platelets 
and intestines(1). It has also been demon- 
strated that rauwolfia alkaloids can produce 
occasional salt and water retention even to 
the point of congestive failure(2). The pres- 
ent study was undertaken to investigate the 
possibility that this effect of rauwolfia might 
be mediated through serotonin. 

Materials and methods. Forty convales- 
cent patients free of cardiovascular, renal, 
metabolic or endocrine disease were selected 
for the study. All but 3 were bed patients, 
and all were afebrile and on a regular diet. 
All were given an infusion of 250 ml of 5% 
glucose and water. One or 2 mg of serotonin 
base? were added to the infusion of 18 sub- 
jects, the remaining 22 serving as controls. 
Those receiving serotonin were unaware that 
any drug had been added to their infusion, 
and did not experience any blood pressure 


* This study was aided by grants from National 
Heart Institute (U.S.P.H.S.), Albert and Mary Lask- 
er, Albert H. and Jessie D. Wiggin, and Irwin Stras- 
burger Memorial Medical Foundations. 

+ National Heart Institute trainee. 

$ Serotonin creatinine sulfate was supplied by Dr. 
E. W. Young of Upjohn Co., Kalamazoo, Mich. 


change or discernible local or systemic reac- 
tion. Comparable conditions and _ identical 
procedures were employed in both groups. 
Each subject emptied his bladder as com- 
pletely as possible in the sitting or standing 
position. One hour after breakfast the pa- 
tients voided and then drank 200 ml of water. 
Exactly one hour later, they again voided and 
were immediately given the infusion which 
was administered at a constant rate to require 
one hour for its completion. Urine specimens 
were obtained at the close of the infusion and 
at exactly hourly intervals for 2 additional 
hours. All hourly urine specimens, beginning 
with those obtained at the start of the in- 
fusion, were measured and analyzed for so- 
dium, potassium (by flame photometer), and 
chloride. For the purposes of this study, the 
excretion rates in the hour’s specimen ob- 
tained at the end of the infusion were com- 
pared with excretion rates per hour in the 


combined 2 hourly specimens subsequently 
collected. 


Results. The mean excretion of sodium in 
mEq/hr in the control group was 7.7 at the 
start of the infusion, rose to 9.4 at its close, 
with a further increase to 9.6 in the 2-hour 
period after the infusion. In the serotonin 
group the initial value was 5.9, rose to 7.2 at 
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TABLE I. Changes in Urine Volume and Electrolyte Exeretion Rates following Infusion with 
and without Addition of Serotonin. 
SSS ee ee 


Control group 


Serotonin group 


Na K Cl 

Vol, ml/hr —————— mEq/hr —— 
TPO UL OOT aca ota oO 4e 5G (5.7. 
2. 168-145 2.6- 49 49-68 4.9- 6.6 
B, Jl Sk) Bysto MLZk Sees BES" Sale 
A OMe Ma aI er BRO er heslesh) eal hee yes) 
Oe ffeko TKS, Bro. Gish SELEY ye cers) 
ON 4 Ow 2 Sirona Ol Oelhanl Gre "OUR p9 
If Bote ees iene aon lyre 8. 8h= af.) 
8. S940 St 6.8 6.0226 W1.0= 6.1 
9, Se eK DPS Oar SSO Say Cree aliyss 
TO Sel OS 4 Ane DO Oe iA 5.4 
ala 94-205 9.6- 9.4 4.0-3.8 10.8- 9.5 
te rlot OS Nao) Seon a= 40 4 3.7 
13 53- 48 7.5- 6.7 43-44 9.5- 8.5 
14. 150-140 10.6-12.6 4.6-5.7 14.1-16.7 
sy, hehe oS SO eSNG. See SiGe TIS MO) see) 
16 SOA MOS elon 9.9229" 1653 = 16.9 
ay, COL MAG EI Sel oe aml Ol 7, 
tS See let li/eo OL cmos iia. ome ker 1720 
Gea 46) | 289 Ee Ne. 8 Sale ese 8 
20. 216-181 BS seller An Oie 45 Giemsa) = i; 
21. 154-105 41.0-29.7 5.9-5.7 42.3 - 32.0 
22. 270-310 40.0-45.8 6.5-7.6 39.5 - 45.0 
Avg 130-114 94- 9.6 3.8-3.9 10.8-10.6 


Na 1K Cl 

Vol, ml/hr —— mEq /hr—, 

ise so Fey I Sek Were! NO Wye GS 
2.” 109-144 12.7-114d 5.3-4.4 143-5134 
aoe MSS Ay ZEBY Ss Cy Berea sy Cs 2)7/ 
4 OZ 1555 9s 6.8 128:- 3.6 Si8ien 8b 
Bee leroy Bea Bish | ORAS R eres Slaylye 5500) 
6. Lh Bil) Se 2 BCS ER “Gye 
Te Boe Cy icici Nay Glo ots 
8. Gis Nolte eS ae Guo) = 129) el cme e 
9. DM =s 160 ee=ror Om eles lon VouOimars 
10. Ere (ey pao AlOey byere Zi ys = ee 
It. 208-185 6:2= 44 56-94 6.2- 399 
12. 120-106 43- 3.6 2.4-3.9 4.3- 6.9 
1352 40k Sie Oe 36 2-68 aOR a 
nu BGS eh Wess Was CNayenoye ie ales 
15. 144-1384 19.5-13.5 6.8-6.7 23.2-17.1 
16. 47- 58 5.8- 3.9 5.3-49 91- 6.8 
ie 41-134 Jim Del amali= Ord AS airfare 
18, ASS iio 47] 2.7 86-226) 8:3 24 


Avg 129-105 7.2- 5.3 40-40 86- 6.8 


* These received 1 mg serotonin base, the remainder 2 mg. 
+ First figure of each column denotes values obtained at end of infusion; second figure indi- 
cates values of the combined subsequent two hourly specimens. 


the close of the infusion, then fell to 5.3 in the 
2-hour subsequent period. The urine volumes 
and the rates of excretion of sodium, potas- 
sium and chloride as affected by the infusion 
are shown in Table I. Whereas the urine 
sodium excretion rate diminished in 10 of the 
22 control subjects following the infusion, it 
decreased in 15 of the 18 patients after the 
infusion with serotonin. In general, the 
chloride excretion rate was similar to that of 
sodium. No consistent trends were noted in 
either water excretion or urine potassium 
values. 


The concentrations of electrolytes can be 
calculated readily from these data. The urine 
sodium concentration rose in 15 of the 22 
control subjects after the infusion, but de- 
creased in 15 of the 18 patients after sero- 
tonin. The average urine sodium concentra- 
tion of the control group was 82 mEq/L. in 
the specimens obtained at the end of the in- 
fusion, and rose to 90 mEq/L. in those col- 
lected during the subsequent 2-hour period. 
In contrast, the average values of the sero- 
tonin group fell from 74 to 56 mEq/L. 


These differences, employing averages as 
well as geometric means, were determined to 
be statistically significant (p = <0.02). 

Discussion. These data indicate that the 
administration of small doses of serotonin cre- 
atinine sulfate may be associated with de- 
creases in renal sodium excretion, occurring 
principally after an hour’s infusion with this 
chemical. The conditions of the study were 
such that the changes noted could not be ex- 
plained by variation in activity, diet or in the 
adequacy of urine collections as these were 
comparable for both groups. The mechanism, 
significance, and the effects of high dosage 
and prolonged administration remain to be 
determined. These observations support the 
view that electrolyte changes following rau- 
wolfia administration may be related to sero- 
tonin activity. They also raise the question 
that serotonin may play a role in the physi- 
ologic regulation of sodium metabolism. 

Summary. The administration of 1-2 mg 
of serotonin creatinine sulfate may be asso- 
ciated with significant sodium retention. 
Electrolyte changes following rauwolfia ad- 
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ministration may be related to this activity of 
serotonin. 
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The method of electrophoresis-convection 
has been used by Cann et al.(1-3) to obtain 
separations of a number of different types of 
antibodies. Their work suggested that it 
might be possible to separate the Wasser- 
mann reagin antibody from the antibody pro- 
ducing immobilization of spirochetes in the 
Treponema pallidum immobilization (TPI) 
test(4) and to relate these antibodies to elec- 
trophoretic serum components. 

In this study a pool of syphilitic rabbit sera 
was fractionated by electrophoresis-convec- 
tion and the resulting materials tested for the 
Wassermann reagin antibody by the VDRL 
flocculation test(5), tested for immobilizing 
antibodies in the TPI test and also tested for 
agglutinating activity(6). The fractions ob- 
tained were characterized by electrophoretic 
analysis. 

Methods. The electrophoresis-convection 
apparatus used was that described by Ray- 
mond(7)+. The operation of the apparatus 
was carried out in a coldroom at ca. 4°C. A 
4 1] bottle filled with buffer was placed in the 
buffer circulating system to increase the vol- 
ume of circulating buffer to ca. 8 1. The in- 
creased buffer volume seemed desirable to 


* The author wishes to thank Dr. Charlotte Mc- 
Leod for performing the agglutination studies, Mr. 
George Cannefax for carrying out the TPI assays, 
Mrs. Barbara Stanley for nitrogen analyses and Mr. 
L. L. Roach for technical assistance. 

+ Present address: Gates and Crellin Laboratories 
of Chemistry, California Institute of Technology, 
Pasadena, Calif. 

¢} Manufactured by E. C. Apparatus Co., New 
York City. 


minimize pH changes in the buffer during the 
course of the run. Protein concentrations 
were estimated by semimicro Kjeldahl nitro- 
gen determinations and the factor 6.25 was 
used to convert nitrogen to protein. The rela- 
tive composition of the serum fractions was 
determined by paper electrophoresis using the 
method developed by Grassmann and Han- 
nig(8)‘. The mobilities were determined by 
moving boundary electrophoresis using the 
Perkin-Elmer Model 38 Electrophoresis Ap- 
paratus. The determinations were carried 
out at a protein concentration of 0.3% in 
barbital buffer (pH 8.6, » = 0.1). The sam- 
ples were simultaneously dialyzed for 48 to 72 
hours against the same 2 | volume of barbital 
buffer. The specific conductance of the buf- 
fer after dialysis was used in the mobility 
calculations. The mobilities reported are the 
average of those calculated from photographs 
of the descending boundaries taken by the 
Longsworth scanning procedure, at 1, 1.5 and 
2.0 hours. The VDRL slide flocculation test 
was used to measure the relative Wassermann 
reagin antibody content of the fractions. The 
serum fractions were not heat inactivated 
prior to testing. The TPI test with modifica- 
tions(6) was carried out on serum fractions 
that had been diluted with normal rabbit 
serum (Pool I) to a final concentration of 
2.0% of serum fraction protein and then 
heat inactivated at 56°C for 30 minutes. The 
samples tested were of the order of half serum 


§ The paper electrophoresis apparatus and densi- 
tometer were obtained from E. Miltenberg Inc., New 
York City. 
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TABLE I. Serologic Analysis. 
ee eee 


515 


——TPI ~ -—Agglutination— -— VDRL-—_W\—_, < 
Protein : Protein Protein Un- 
cone.,%  Titer* cone.,% Titert cone., % diluted 1:2 1:4 
Pool VI (syphil- 6.8 1: 940 6.77 1: 80 6.8 2 il 
itic) undiluted : Be 
Pool VI 2% 2.0 1: 340 2.0 ie BO 2.0 tb neg be 
pH7.5 Top 2.08 1: 820 2.08 1: 80 5.9 4+- 3+ 2 
7.0 A 2.08 camel 7(() 2.08 1:160 2.8% 2+ neg #) 
Gr aye 2.08 1: 1300 2.08 1: 80 3.4 = te 2 
Ga 2.08 1:10000 2.08 x 3.4 + Me B 
Ma 1.0§ 1: 1920+ 1.0$ at 1.8° neg % > 
Pool I (normal) 6.2 neg'|| 6.22 undil. 1+ 6.2 it x e 
undiluted 


* Dilution of serum protein to produce 50% immobilization of spirochetes. 


t Titer on basis of a 2.0% solution. 


{ Dilution of serum protein to produce a 2-3 agglutination of spirochetes. 


§ Serum fraction protein concentration. 
|| Negative. 


fraction protein and half normal rabbit serum 
protein. All the TPI titers were obtained 
from a single assay of high sensitivity and are 
reported as the dilution of the sample neces- 
sary to produce 50% specific immobilization 
of the spirochetes. The same samples pre- 
pared for the TPI assay were tested for T. 
pallidum agglutination activity by the method 
of McLeod and Magnuson(6). The titers re- 
ported for comparison were obtained from a 
single test and are the greatest dilutions of 
the serum fractions that produced 2 to 3+ 
spirochete agglutination. 

Experimental. The syphilitic serum used 
in this study was an aliquot of a serum pool 
from 105 rabbits that had had syphilis for 
41%4 to 74% months. They had been inocu- 
lated intratesticularly with the Nichols patho- 
genic strain of T. pallidum. The pooled se- 
rum and the serum fractions were refrigerated 
at —10 to —20°C except when fractionated or 
tested. A total volume of 135 ml of the 
syphilitic rabbit serum was processed in three 
batches of 45 ml each. The serum was di- 
luted with an equal volume of buffer which 
gave a final protein concentration of 3.4%. 
Fresh sodium phosphate buffer was used for 
each run. The sample was dialyzed against 
the buffer in which it was to be fractionated. 
During each fractionation a current of 0.1 
ampere and 8 to 10 volts (field strength ca. 2 
volts cm) was passed through the system 
for 94 to 96 hours. Fractionations were car- 
ried out in’ sodium phosphate buffers of 0.1 


ionic strength and at a series of pH’s 7.5, 7.0, 
6.5, 6.0, and 5.5. The first run was made at 
pH 7.5 and the “bottom” from this run was 
then fractionated at pH 7.0. The process 
was repeated through the 5 different buffers. 
The corresponding portions from the fraction- 
ation of each of the 45 ml aliquots were pooled 
before proceeding to the fractionation at the 
next pH. At the end of this procedure there 
were 5 “top” fractions and one ‘‘bottom” 
fraction. 


Results. The “bottom,” which consisted 
principally of albumin with a little globulin, 
gave negative TPI, agglutination and VDRL 
tests and was discarded. The relative com- 


TABLE II. Electrophoretic Analysis. 


Mobilities 
(em? volts* 


Relative composition, %* see+)t X 10° 


a B- a B- ae 
Alb. glob. glob. glob. glob. glob. 
Pool Vi 60 9 14 a, 
(oy Ely Gly Gey 
pH7.5 top 2 0 + 94 —1/.2° 
Oe 0 0 11 89 -1.47 
Gol 0 0 10 90 —3.5? -1.6 
GLO 4 0 20 76 =3.6 =1.7% 
ayo 8 6 30 56 —3.5% -1.9 


* Relative protein concentrations were estimated 
by paper electrophoresis except those values for 
Pool VI in parenthesis which were estimated by 
moving boundary electrophoresis (protein 1.7%, 
barbital buffer pH 8.6, » — 0.1). 

+ Mobilities were determined by moving boun- 
dary electrophoresis (protein 0.3%, barbital buffer 
jlEE EKO, = Wal) 

t Alb. = albumin; glob. = globulin. 


516 


position of the proteins in the 5 “top” frac- 
tions was determined by paper electrophoresis. 
It was found that they contained from 20 to 
40% albumin. This indicated a poorer sepa- 
ration than had been previously reported for 
a similar electrophoresis-convection fraction- 
ation of rabbit serum(3). Serologic tests of 
the fractions showed little if any separation 
of antibody activities. Therefore each of the 
5 “tops” was refractionated in the electro- 
phoresis-convection apparatus using a buffer 
of the same composition as that in which it 
was originally separated. The 5 “bottom” 
fractions were discarded and the “top” frac- 
tions were concentrated by pervaporation, 
dialyzed against pH 7.0 phosphate buffer and 
the serologic tests carried out. In each of the 
tests a sample of the unfractionated serum, 
designated Pool V1, was run at the same pro- 
tein concentration as the fractions being 
tested. The serologic results are shown in 
Table I. The relative composition of the 
serum fractions was determined by paper 
electrophoresis and the mobilities determined 
by moving boundary electrophoresis. The 
results of the electrophoretic analysis are pre- 
sented in Table II. 

Discussion. The electrophoretic results are 
in accord with those obtained previously by 
a similar fractionation of rabbit serum(3). 
There is a progressive increase in the mo- 
bility of the y-globulin isolated at succes- 
sively lower pH’s and there is no detectable 
difference in the mobilities of the 8-globulins 
obtained. 


The VDRL test results indicate a relative 
concentration of the Wassermann reagin anti- 
body in the fractions isolated at pH 7.5 and 
7.0 and it is probable therefore that this 
antibody is associated with the slow y-globu- 
lin. There is a relative concentration of the 
T. pallidum immobilizing activity in the frac- 
tion isolated at pH 6.0. The difference in 
titer between the pH 6.0 fraction and the 
fractions next higher in immobilizing activity 
corresponds to 2% to 3 tubes of 2-fold dilu- 
tion and is believed to be significant. The 
most reasonable interpretation is to ascribe 
the immobilizing activity to components in 
the fast y-globulin. The serum protein frac- 
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tions were obtained by a method that pro- 
duces separations on the basis of differences 
in electrophoretic mobility. The possibility 
exists that the differences in antibody activity 
measured were due to a fractionation of the 
a or the 8 globulin components. There was 
no evidence obtained for differences in mobili- 
ties among the a components or the 6 com- 
ponents of the various fractions. The more 
likely interpretation however is to associate 
the differences in antibody activities that have 
been demonstrated with the differences in 
mobilities of the y-globulin fractions that 
have been measured. 


There does not appear to be any significant 
concentration of agglutinating activity in any 
of the fractions. This may be a reflection of 
the importance of more than one antibody in 
the agglutination reaction(9). 


Summary. An electrophoresis-convection 
fractionation of a pool of syphilitic rabbit 
serum has been carried out. Significant dif- 
ferences in the mobilities of the y-globulin 
components of these fractions have been dem- 
onstrated. No such differences in the mobili- 
ties of the 8-globulin components were found. 
TPI, VDRL and agglutination studies were 
carried out. A comparison of the serologic 
and electrophoretic data indicates that the 
Wassermann reagin antibody is concentrated 
in the slow y-globulin component and the T. 
pallidum immobilizing antibody is concen- 
trated in the fast y-globulin component. 
There is no evidence for the concentration of 
T. pallidum agglutinating activity in any of 
the fractions. 
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In the spring of 1946 an opportunity was 
afforded one of us (W. McD. H.) to make 
serological tests on adult Japanese and Amer- 
ican troops given a single injection (1 ml) of 
Japanese B encephalitis (JBE) mouse brain 
vaccine, then in current use in American 
troops. Japanese with elevated neutralizing 
antibody titers to JBE virus and without de- 
tectable complement fixing (C.F.) antibody 
prior to vaccination responded with elevated 
C.F. titers within 10 days after injection of 
a single dose of vaccine(1). This observation 
was subsequently confirmed by Sabin, Ginder, 
Matumoto and Schlesinger(2). On the other 
hand, American troops usually had neither 
neutralizing nor C.F. antibody responses after 
such an interval and only about 50% re- 
sponded with significant neutralizing anti- 
bodies after the regular course of 3 injections; 
also, with rare exceptions, there was no C.F. 
antibody detectable at any time(1,3). This 
led us to wonder whether a rapid C.F. anti- 
body response after an injection of JBE vac- 
cine might be a specific means of determining 
whether an individual found to have JBE 
neutralizing antibody had been previously in- 
fected with JBE virus or whether such anti- 
bodies might be the result of an infection 


* These studies were conducted under sponsorship 
of Commission on Viral Infections, Armed Forces 
Epidemiological Board, and were supported in part 
by Office of Surgeon General, Department of Army, 
and by research grant C-481(C-7) from National 
Microbiological Institute of National Institutes of 
Health, Public Health Service. 


with St. Louis encephalitis (SLE), West Nile 
(WN) or another virus in this closely related 
group. In this connection, 2 of us (W. McD. 
H. and W. C. R.), while at the Hooper Foun- 
dation, had repeatedly observed in perform- 
ing sero-diagnostic work for the arthropod- 
borne viral encephalitides that many humans 
and horses with SLE virus neutralizing and 
C.F. antibodies also had elevated serological 
titers to JBE virus. In some instances the 
titers to the latter agent were higher than 
those to SLE virus. Similar diagnostic rises 
occurred with both viruses. Obviously, if 
both viruses should be present in the same 
area this would pose a serious diagnostic 
problem. Also, as has already occurred in 
our experience and in that of others, anti- 
bodies for several of these viruses have been 
found in populations of other countries prior 
to isolation of any virus. Which virus gave 
rise to the antibodies has not always been ob- 
vious. The experiments reported in this pa- 
per were undertaken to see whether adminis- 
tration of JBE vaccine would permit of spe- 
cific serologic differentiation for JBE virus in- 
fection. 

Materials and methods. All sera after col- 
lection were frozen in rubber stoppered Pyrex 
glass tubes until tested. They were shipped 
with dry ice, then held at —25°C. All sera in 
a series from the same host and pertaining 
to one experiment were tested simultaneously. 
Neutralization tests were performed both by 
the intracerebral route (in 3 to 4-week-old 
mice) and by the intraperitoneal route (in 
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i itis Cz 7 y, Calif., dur- 
TABLE I. Serological Response of Human Encephalitis Cases from Kern County, , 4d 
ing Disease and Bo vslee ace and Finally before and after an Injection of Japanese B Vaccine. 
See eee SS eee —————————— LL 


Time rela- 
tion to onset —————\St. Louis. ~ i = Japanese BRB ¥, 
or vaceina- ——Neutralization——\ -——Neutralization—\~ 
Name tion (days) Intracer. Intraper. CF Intracer. Intraper. CF 
“>< 1000 
Goodloe 3 120 EG) Gpye ax) — (1) <4 (1) 100 —- — 
(2)* 120 Cin 
20 P.O. (2) 220 — (1) 64 (aby IK: — — 
(2) ” = 
Dif EXO). (1) 285 (1) >100 @by % (1) 1,600 —— —- 
(2) ” 
ays} eA ON 2 770 (1) 1,000 (Ce (1) 1,000 _ —_— 
ORRAYE (1) 3,200 (1) 160 (i) 4s (100Gb) 80 (1)<4 
iil IPSW, (1)10,000 (1) >320 (1) 32 (1) 1,000 (1)10,000 (CU) fe 
Leflore 16 P.O. il 32 a Eh) Be (1) 75 — — 
APE2Ok (1) 2,000 >1,000 (1)128 (1) 1,000 — —_ 
140 P.O. _- — — (1) 100 = — 
0 P.V. >100 >10 GD) +3 (1) 630 (1) 3,200 (1) <4 
iL TEA, 1,000 >320 (1) 8 (1) 320 (1) 6,300 @By = 
Bugni Onset Go) alot (a0) LO (Cy <4 (1) 150 — — 
AjuAOe (1) 1,900 — (1) 64 (1) 3,200 — — 
120 120). — Gy aOOo — Coy 320 — — 
itsysy 127(0) — (1) 1,000 — (1) 1,000 — — 
OREAVe (1) 1,000 Gb) S870 (1) 16 320 800 (1) 4 
iil IEA, (1) 5,000 (1) +320 (1) 32 1,300 32,000 (1) 32 


* No. in parentheses represent the date on which tests were performed. 


In any one sec- 


tion (post onset, or pre or post vaccination) in the same vertical column, all those tests with the 
same numeral in parentheses were performed at one time. 


t P.O. = Post onset; P.V. = Post vaccination. 


suckling mice) by the virus dilution method, 
using undiluted and unheated serum. The 
virus strains used were: for the intracerebral 
test, SLE, Webster strain, and JBE, Okinawa 
strain; and for the intraperitoneal test, SLE, 
Hubbard strain, and JBE, Nakayama strain. 
Incubation of serum and virus was for 2 hours 
at 37°C. All mice were of the CFW strain. 
Complement fixation tests were done by the 
method of Casals(4), employing serial dilu- 
tions of serum, 2 exact units of complement 
and incubation overnight at 4°C. The anti- 
gens were of the benzene-extracted type, 
using the method of Espaia and Hammon(5). 
JBE chick embryo type of formalin inacti- 
vated vaccine of suitable potency was ob- 
tained from Doctor J. E. Smadel of the Army 
Medical Service Graduate School. Through 
the courtesy of Doctor W. A. Longshore of 
the California State Department of Public 
Health, 3 children whom we had diagnosed 
by serological methods in 1949 as cases of St. 
Louis encephalitis were bled on March 8, 
1950, then given 1 ml of vaccine and bled 11 
days later. Sera for retest taken during the 


acute and convalescent phase of their ill- 
nesses were still present in our deep freeze. 
Fourteen horses resident in Kern County were 
selected on the basis of earlier serological test- 
ing and antibody status. Two control horses 
were selected from a non-endemic area on the 
basis of an absence of detectable antibodies. 
Through the kindness of Doctor Ben H. Dean 
of the California State Department of Public 
Health the horses were bled, injected with 5 
ml of vaccine each, then bled again 10 and 
30 days later. Aliquots of serum samples 
from these horses were tested in 3 different 
laboratories, California State Department of 
Public Health (EHL), Hooper Foundation, 
U. of California (WCR) and University of 
Pittsburgh (WMH and GES), by a variety 
of methods. The results in the 3 laboratories 
were essentially alike, and those reported here 
are the results of tests performed at the Uni- 
versity of Pittsburgh. 

Results. 1. Convalescent Patients. The 
results of tests made during illness and con- 
valescence, followed by those just before and 
after vaccination of the 3 children, are pre- 
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sented in Table I. It will be observed that 
just before vaccination all had detectable 
neutralizing and C.F. antibody to SLE virus. 
Goodloe had essentially no antibody of either 
type to JBE virus. Leflore had only neutral- 


izing antibody, while Bugni had a detectable 
level of both types of antibody. Following 
vaccination all but Leflore showed an increase 
in JBE neutralizing antibody and all’ showed 
significant rises in JBE C.F. antibody. In 


TABLE II. Serological Studies on Japanese B and St. Louis Antibody Response of California 
Horses Vaccinated with Japanese B Vaccine. 


—— Neutralization tests — —-C.F. tests 
St. Louis Japanese B St. 

Horse Intracer. Intraper. Intracer. Intraper. Louis JapB 
Red * 4,000 > 50,000 20 1,800 <A EGA 
t 800 i 130 160,000 32 32 
t 16 16 
Boots 4,000 4 1,000 3,000 <4 << 
8,000 - 10,000 4,000 8 8 
4 <4 
Pat 1,000 320,000 12 <100 <4 <4 
500 6,000,000 100 16,000 8 8 
4 4 
King 1,000 500,000 250 6,000 <4 UE 
4,000 6,000,000 16,000 1,000,000 8 4 
<4 <4 
Jackass 800 1,000,000 200 <100 8 <4 
1,600 ce 400 84,000 16 16 
Black 6,300 a 700 200,000 <4 <4 
6,300 4 700 8,400,000 32 32 
Marge 1,600 i, 500 500 <4 <4 
16,000 e 2,000 > 6,300 8 8 
4 <4 
Sally 1,000 200,000 25 250 <4 <4 
5,000 400,000 400 250,000 64 64 
16 16 
Boots 800 700,000 40 160 <4 <4 
500 1,600,000 25,000 1,000,000 16 16 
8 8 
Apache 5,000 1,000,000 70 100 <4 <4 
1,000 >1,000,000 700 6,000,000 16 16 
j 8 8 
Chief 6,000 > 50,000 180 1,300 <4 <4 
6,300 te 4,000 1,000,000 16 16 
<4 8 
Thunder 4,000 ‘ 40 50 <4 <4 
4,000 & 800 100,000 32 32 
8 8 
Pinto 500 >4,000,000 160 6,300 <4 <4 
2,500 ie 16,000 1,000,600 16 16 
8 8 
Easter il <600 16 <100 <4 <4 
50 a 16 s 8 8 
<4 <4 
#1564 Cutter 1 <30 1 <130 <4 <4. 
1 ” 8 Ls <4 <4 
ie Se 
#1556 Cutter il 100 1 <1380 <4 <4 
1 <32 8 x <4 <4 
<4 <4 


* Pre-inoculation bleedings. 


+ 10-day bleeding. 


{ 30-day bleeding. § Reciprocal 


of dilution giving 2+ or higher complement fixation. 


~~ 
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general, rises also occurred in SLE antibodies. 
However, end-points were not always at- 
tained, but in some where titrations were 
complete, significant rises were not demon- 
strated. 


2. Horses. Results of the tests on the 
horses are presented in Table II. The prevac- 
cination sera of 13 of the 16 horses contained 
significant neutralizing antibody to SLE virus 
and most of these 13 also had detectable JBE 
neutralizing antibody titers. Easter had none 
detectable by the intracerebral method but 
the intraperitoneal test was not performed 
with a small enough amount of virus to elim- 
inate the possibility of a trace of antibody. 
The last 2 horses (controls) in the Table can 
be considered negative for neutralizing and 
C.F. antibodies. 

Following vaccination, C.F. antibody titers 
rose rapidly to both SLE and JBE in all those 
with previous SLE and/or JBE neutralizing 
antibody. Higher titers were found after 10 
days than after 30. Easter gave this same 
type of response. However, those unequivo- 
cally negative for SLE neutralizing antibody 
prior to vaccination showed no response. Neu- 
tralizing antibody response to JBE in the 10- 
day interval (not tested after 30 days) also 
appears to have been very pronounced in 
most horses originally immune to SLE, and 
the rise was more conspicuous than that to 
SLE. Easter and the two with no previous 
immunity showed no detectable response. 


Discussion. Both children and_ horses 
(resident in the Western United States) and 
naturally immune to what we assume must be 
St. Louis virus responded serologically to a 
single injection of a killed-virus JBE vaccine. 
This response was indistinguishable from that 
of persons immune to JBE. The C.F. anti- 
body response was most dramatic, since non- 
immunes fail to develop any antibody of this 
type, regardless of time or even after repeated 
injections. If one assumes that the horses 
and children had not been previously infected 
with JBE virus, the secondary type response 
demonstrated by JBE vaccine is not specific 
for previous JBE infection, and the test does 
not serve any useful purpose in differentiating 
between those two viruses. It is, however, in 
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all probability a specific secondary immunolo- 
gic response to a common antigen present in 
both JBE and SLE viruses. 

It will be recalled, however, that in addi- 
tion to the rapid rise in C.F. antibody a very 
striking and rapid rise generally occurred also 
in JBE neutralizing antibodies. In view of 
the low response rate (7 to 30%) to even 3 
injections of vaccine of this same type then in 
use in normal American troops(6), one of the 
factors leading to its discontinuance in mili- 
tary preventive medicine, the response in St. 
Louis immunes, assumes particular interest. 
The following questions are raised: (1) Is it 
possible that the few American adults 
(troops) who had good serological responses 
to JBE, i.e., high neutralizing antibody titers 
and positive C.F. tests, represented those few 
individuals with immunity to SLE, and (2) 
could this heterologous, booster phenomenon 
be used for a practical purpose in immuniza- 
tion? 

Since JBE immunization with currently 
available killed vaccine has not been used 
recently in military groups because its effec- - 
tiveness has been questioned, it is possible 
that another antigenically related virus of a 
more benign nature might be employed as an 
infecting agent to give basic primary group 
immunity. This then could be supplemented 
with an injection of killed JBE vaccine to 
obtain the response noted in these experi- 
ments. Certain strains of West Nile virus 
have already been demonstrated to be quite 
benign(7) and suggest themselves for this 
purpose. 


With this in view, experimental work in 
laboratory animals has been undertaken by 
the University of Pittsburgh group and will 
be the subject of subsequent reports(8). 

Summary and conclusions. Three children 
convalescent from St. Louis encephalitis and 
a group of 16 horses, 13 of which had natur- 
ally acquired antibodies to St. Louis virus, 
were given one injection with a killed Jap- 
anese B encephalitis virus vaccine. After 10 
or 11 days all individuals previously infected 
with St. Louis virus showed complement fix- 
ing antibody rises to Japanese B and St. Louis 
viruses and most also showed neutralizing 
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- antibody rises, particularly to Japanese virus. 
_ Those horses not previously immune to St. 
Louis virus showed no response. The response 
of these St. Louis immune hosts was identical 
to that shown by persons with naturally ac- 
quired immunity to Japanese virus. Normal 
individuals show no such response even after 
several injections of vaccine. This immedi- 
ate, secondary type immunologic response to 
an injection of vaccine is not specific for Jap- 
anese virus but to an antigen common to Jap- 
anese and St. Louis viruses and probably to 
other viruses in this complex. It is suggested 
that immunity acquired by active infection 
with one member of the group may serve as 
good basic or primary immunization for other 
representatives and a high and probably ef- 
fective protection response can be stimulated 
subsequently by giving one “booster” injec- 
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tion of a killed virus vaccine representing an 
immunologically related virus. 
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Immunity of Hamsters to West Nile and Murray Valley Viruses Following 


Immunization with St. Louis and Japanese B.* 


(22314) 


W. McD. Hammon AnD G. E. SATHER. 


Department of Epidemiology and Microbiology, Graduate School of Public Health, 
University of Pittsburgh, Pa. 


In a previous paper(1) it was shown that 
human convalescents of St. Louis encephalitis 
(SLE) virus and horses with naturally ac- 
quired SLE immunity responded quickly with 
a secondary type of serological response to 
Japanese B (JBE) virus after one injection 
of JBE virus, killed vaccine. This paper deals 
with animal challenge by the subcutaneous 
route with West Nile (WN) and Murray 
Valley encephalitis (MVE) viruses following 
immunization with JBE and SLE viruses be- 
longing to the same immunologic group. Sero- 
logical crossing between SLE, JBE, WN, and 
MVE viruses has been demonstrated by neu- 
tralization, complement fixation, and hemag- 
glutination tests by a large number of work- 


* These studies were conducted under sponsorship 
of Commission on Viral Infections, Armed Forces 
Epidemiological Board, and supported in part by 
‘Office of Surgeon General, Department of Army. 


ers and antigenic overlapping of this group is 
well recognized. Cross-protection tests using 
the intracerebral challenge of immunized mice 
have not shown such crossing or have given 
inconclusive results with two exceptions as 
noted below. On the basis of the usual lack 
of cross-protection in mice has rested the 
principal method of differentiation of mem- 
bers of this group as distinct viruses. Re- 
cently, however, Ruchman reported that he 
had demonstrated cross-protection between 
SLE and WN using immune rabbits and 
guinea pigs as test animals(2). His criterion 
of demonstrated disease in those animals in- 
volving tests with recognized strains of SLE 
and WN was the development of fever. Cross 
vaccination studies by Pond, Russ, Rogers, 
and Smadel(3) have demonstrated the rela- 
tionship between JBE and MVE, since JBE 
vaccinated mice were satisfactorily protected 
against peripheral challenge with MVE virus. 
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MVE vaccinated mice, however, were not sig- 
nificantly protected against JBE, although 
there was a suggestion of slight crossing. 

In our work, Syrian hamsters have been 
found susceptible to high dilutions of MVE 
virus by peripheral routes of infection. Pre- 
viously, Smadel and others had shown them 
to be highly susceptible to WN by these 
routes(4). Because of the low degree of sus- 
ceptibility of mice by peripheral routes, we 
felt that hamsters would be a more suitable 
laboratory animal for demonstrating cross- 
resistance between certain viruses of this 
group, if such existed. 


Materials and methods. Viruses used were 
JBE, Nakayama strain, mouse passage 44; 
SLE, Webster strain, mouse passage number 
unknown; MVE, Strain #1, mouse passage 
12; and WN, B956, mouse passage 28. Stock 
virus was prepared as 20% infected mouse 
brain suspension in 50% normal rabbit serum 
(inactivated at 56°C for 20 minutes) broth 
and stored in sealed glass ampoules in a COs 
ice chest. Infectivity of the virus was deter- 
mined by intracerebral inoculation of 3-week- 
old CFW mice with 0.03 ml of serial 10-fold 
virus dilutions made in 0.2% bovine albumen 
broth. Hamsters were obtained from the 
Lakeview Hamster Colony of New Jersey. 
Hamsters from this breed had been found 
susceptible to infection with this group of 
viruses. Animals previously tested from a 
local breeder had proved resistant to SLE 
virus by even the intracerebral route. Groups 
of hamsters were immunized when 6 weeks of 
age to either JBE or SLE viruses by a series 
of 3 intraperitoneal injections of live virus 
given as follows: JBE: first injection, 0.1 ml 
10° dilution of virus; 10 days later, 0.1 ml 
10+ dilution of virus; 10 days later, 0.2 ml 
10" dilution of virus. Challenge was made 
12 days later. SLE: first injection, 0.1 ml 
10° dilution of virus; 12 days later, 0.1 ml 
10* dilution of virus; 7 days later, 0.2 ml 
107 dilution of virus. Challenge was made 
13 days later. For challenge controls, normal 
hamsters of the same shipment were set aside 
at the beginning of the immunization period. 
The neutralization index of serum was deter- 
mined by employing serial dilutions of virus 
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TABLE I. Susceptibility of Hamsters by Route of 
Inoculation.* 


Log LD; of endpoint dilution 


Virus Intracer. Intraper. Subeut. 
Japanese B 7.0 = <ell,() — 
St. Louis 7.8 <li) — 
Murray Valley 8.0 8.1 7.0 
West Nile 9.5 9.2 8.7 


* Tnoculum—.1 ml. 


mixed with undiluted serum, incubated at 
37°C for 2 hours, and inoculated by the intra- 
cerebral route into 3-4-week-old mice. 


Results. 1. The susceptibility of hamsters 
to these viruses as determined by route of 
inoculation (Table I). The inoculum was 
0.1 ml. Both MVE and WN viruses were 
shown to be highly pathogenic by the periph- 
eral routes tested, while neither JBE nor SLE 
exhibited this peripheral pathogenicity. The 
four viruses, JBE, SLE, MVE, and WN were 
all pathogenic by the intracerebral route. 


2. Immunization and Cross Chalienge. 
Two groups of hamsters were immunized, one 
to JBE virus and the other to SLE by the 
methods described. The results of homolo- 
gous and cross challenge tests are shown in 
Table II. Since neither JBE nor SLE were 
pathogenic by a peripheral route, it was neces- 
sary to use the intracerebral route of inocula- 
tion for challenge with the homologous 
viruses. For both MVE and WN viruses 
(heterologous challenge) the subcutaneous 
route of inoculation was used. It will be ob- 
served that animals immunized with JBE 
virus were solidly immune not only to the 
homologous virus (JBE) but also to both the 
MVE and WN viruses (protection index 
greater than 5 to 7 logs). This experiment 
was repeated with similar results. Immuniza- 
tion with SLE also resulted in complete pro? 
tection against challenge with the homologous 
(SLE) virus, but it may be observed that 
SLE immunization did not result in complete 
protection against either MVE or WN viruses 
but that significant protection, nevertheless, 
did occur. In the case of both MVE and WN 
viruses protection was most obvious against 
the most concentrated virus inoculum. This 
phenomenon frequently observed after ho- 
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TABLE ITI. Results of Virus Challenge of Immunized Hamsters. 

. Log pro- 
Immuniz- Challenge Route of Virus dilution — Log tection 
ing virus virus challencve el Opel Oca LO eel Os L057 100s TOSOn 10-oanD:, imodex 

JBE JBE i.e. 0/4* 0/4 0/4 0/4 Al S75) 
None %, Se 4/4 4/4 4/4 3/4 1/4 8.5 

JBE MVE S.C. 0/4 0/4 0/4 0/4 0/4 0/4 <0F sare 
None # 3 4/4 3/4 1/4 0/4 6.2 

JBE WN i 1/4 0/4 0/4 0/4 0/4 0/4 NAV > fe) 
None i ie 4/4 2/4 4/4 0/4 0/4 8.3 

SLE SLE iC. 0/4 0/4 0/4 O/4 0/4 <G1 0 628 
None 23 fu 4/4 4/4 3/4 4/4 2/4 7.8 

SLE MVE S.c. 0/4 1/4 2/4 3/4 3/4 2/4 0/4 2 2 
None os i 4/4 4/4 2/4 0/4 0/4 6.0 

SLE WN ad 0/4 1/4 3/4 2/4 2/4 1/4 1/4 2 2 
None e g 4/4 4/4 3/4 3/4 4/4 0/4 9.3 

* Mortality ratio = No. dying/No. inoculated. 
mologous challenge of incompletely immu- Discussion. The importance of demon- 


nized animals has been discussed by Schle- 
singer(5). Because of this zone-like reaction 
the LDso and the protection index were not 
calculated. 


3. Antibody Response as Related to Sur- 
vival. To determine whether resistance to 
challenge with any virus correlated with the 
neutralizing antibody titer for that virus, cer- 
tain animals prepared for use in the above 
experiments were sacrificed and bled. This 
was planned after completion of the chal- 
lenge of the SLE immunized hamsters, so in 
this instance 4 hamsters surviving homologous 
challenge were bled. Four JBE immune ham- 
sters which had not been challenged were 
sacrificed and bled at the time all the others 
were challenged. Sera from these 4 animals 
were pooled. All these sera were tested for 
neutralizing antibody titer against MVE and 
WN viruses as well as against the homologous 
viruses. The results are shown in Table III. 
It will be noted that in the case of those ani- 
mals immunized with SLE virus, even though 
bled after intracerebral challenge with homolo- 
gous virus, thus receiving more immunization 
than those that were immunized with JBE 
virus, the antibody titer to MVE and WN 
viruses was much lower than in those animals 
immunized with JBE virus. In a parallel 
manner, the SLE immunized group were less 
resistant to challenge inoculation with the 
two heterologous viruses than were those im- 
munized with JBE. 


strating cross-protection amongst this group 
of viruses, especially by peripheral challenge, 
is evident when we realize that this route 
more nearly represents the type of natural 
exposure expected in an arthropod-borne dis- 
ease. The possible practical application of 
such a finding was conceived as a result of 
earlier work on the antibody response to one 
injection of JBE virus vaccine of children and 
horses in California who had had a previous, 
naturally acquired SLE infection(1). Since 
it was not practical to challenge either the 
children or the horses with a peripheral in- 
oculation of JBE to demonstrate whether they 
were really immune, as suggested by the an- 
tibody response, it was necessary to find a 
suitable small laboratory animal that was sus- 
ceptible to peripheral challenge. The ham- 
ster has served such a purpose for challenge 
with MVE and WN viruses, and cross im- 
munity to each of these has been shown fol- 
lowing immunization with either JBE or SLE 
virus. 


TABLE III. Neutralization Indices of Sera from 
Immunized Hamsters Used in Challenge Tests. 


Virus 

Tmmune Homologous Heterologous 

hamster serum JBE SLE MVE WN 

Japanese B (pool) 2000 — 214 11300 
St. Louis 

Serum 1 — 514 <5) 650 

2 _—- 163 15 1180 

3 — <163 8 650 

4 —- 163 10 <206 


524 


The development of cross immunity in 
hamsters, together with the antibody findings 
with SLE immune children and horses in- 
jected with JBE vaccine lend further support 
to the hypothesis that any one virus in the 
group (possibly a benign strain of WN) if 
used as a living immunizing agent, might fur- 
nish basic, partial protection against all and 
could be effectively supplemented by a single 
injection of a specific killed vaccine for the 
virus found in the area under consideration. 
Repeated injections of killed vaccine alone, 
for JBE, the only member of this group of 
viruses used extensively for immunization, 
have been shown to be relatively ineffective in 
producing a neutralizing or complement fixing 
antibody response in adult man, and hence of 
questionable value in affording clinical protec- 
tion. Further work along these lines, using 
hamsters and monkeys with other combina- 
tions of viruses in this group, is now in prog- 
ress and will be reported shortly. 

Summary and conclusions. An available 
strain of Syrian hamsters was found to be 
highly susceptible to WN and MVE viruses 
by peripheral routes of inoculation. Groups 
of animals of this species were then im- 
munized with JBE and SLE viruses and sub- 
sequently challenged subcutaneously with 

serial dilutions of WN and MVE viruses. 
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Complete protection against these two agents 
was afforded by JBE immunization, and pro- 
tection of a lesser degree obtained by SLE 
immunization. Neutralizing antibody titers 
of the immunized hamsters to the 2 heter- 
ologous challenge viruses paralleled their 
peripheral resistance in that the JBE virus 
immunes had higher neutralizing antibody 
titers to WN and MVE viruses than did the 
SLE virus immunes. These findings together 
with previously reported data support the 
hypothesis that cross immunity to these 
viruses probably occurs in man and that there 
might be some practical application of this 
concept in the field of human immunization. 
Further work with animals using other virus 
combinations is in progress. 
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